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PREFACE. 


The  rapid  sale  of  the  first  edition  of  “  The  Metallic  Alloys,” 
and  the  constant  demand  for  it,  are  the  best  evidence  that  no 
apology  is  necessary  for  presenting  a  second  edition. 

1  he  present  volume  is  designed  to  be  an  improvement  on 
the  former.  Mistakes  have  been  corrected  wherever  detected, 
and  in  some  instances  the  order  of  treatment  of  different  parts 
lias  been  revised  so^as  to  bring  them  into  strict  logical 
sequence.  Chapters  have  been  added,  and  the  physical  and 
chemical  relations  of  the  metals,  as  well  as  the  special  proper¬ 
ties  of  the  alloys,  have  been  more  fully  treated.  But,  whilst 
the  scope  of  the  work  has  been  enlarged,  it  has  been  en¬ 
deavored  to  preserve  its  popular  character  so  that  it  will  be 
easily  understood  by  those  readers  who  have  not  made  Metal¬ 
lurgy  and  its  kindred  Arts  subjects  of  special  study,  and  be  of 
practical  utility  to  them.  In  short,  the  object  aimed  at  has 
been  to  present  a  reliable  guide  to  all  persons  professionally 
interested  in  the  manufacture  and  use  of  alloys,  amalgams 
and  solders. 

Great  care  has  been  exercised  in  selecting  only  such  pro¬ 
cesses  and  formulas  as  have  stood  the  test  in  practice ;  and 
many  journals,  both  foreign  and  domestic,  have  been  searched 
for  the  purpose  of  gathering  together  the  results  of  recent  ex- 
periments  by  acknowledged  authorities.  "V  arious  text-books 
and  encyclopaedias,  previously  published  in  this  country  and 
abroad,  have  also  been  freely  consulted,  with  the  object  of 
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rendering  the  present  work  as  complete  as  possible.  In  par¬ 
ticular  the  editor  desires  to  express  his  indebtedness  to  the 
following  works  :  Thurston,  A  Treatise  on  Brasses,  Bronzes  and 
Other  Alloys;  Krupp,  Die  Legirungen ;  Ledebur,  Die  Metall- 
verarbeitung  anf  chemisch-physikalischem  Wege;  Muspratt’s 
Theoretische,  praktische  und  analytische  Chemie. 

Finally,  it  remains  only  to  be  stated  that  the  publishers 
have  spared  no  expense  in  the  mechanical  production  of  the 
book  ;  and,  as  is  their  universal  custom,  have  caused  it  to  be 
provided  with  a  copious  table  of  contents,  and  a  very  full 
index,  which  will  add  additional  value  by  rendering  any  sub¬ 
ject  in  it  easy  and  prompt  of  reference. 

W.  T.  B. 

Philadelphia,  July  4th,  1896. 
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THE  METALLIC  ALLOYS. 


CHAPTER  I. 

INTRODUCTION. 

A  chemical  examination  of  a  technically  prepared  metal 
shows  in  most  cases  the  presence  of  smaller  or  larger  quanti¬ 
ties  of  one  or  more  foreign  metals.  Thus,  in  commercial  iron 
are  nearly  always  found  :  manganese,  copper,  and  frequently 
cobalt  and  nickel ;  in  commercial  copper :  iron,  lead,  silver, 
gold,  nickel,  antimony  and  other  metals ;  in  zinc :  iron, 
arsenic,  etc.  But  the  presence  of  these  foreign  metals  can 
with  certainty  be  established  only  by  chemical  analysis ; 
they  cannot  be  recognized  as  independent  bodies  by  the  eye, 
nor  is  it  possible  to  separate  them  by  purely  mechanical 
means. 

These  facts  indicate  a  quite  strong  endeavor  ot  the  metals 
to  combine  with  one  another ;  and  a  combination  of  two  01 
more  metals  in  such  a  manner  that  the  separate  metals  in  the 
combination  can  no  longer  be  distinguished  is  called  an  alloy. 
However,  when  mercury  is  one  of.  the  metals  entering  into 
combination,  the  result,  as  a  rule,  is  not  termed  an  alloy,  but 
mi  amalgam. 

By  alloying  a  metal  with  one  or  more  othei  metal*  its 
properties  are  changed  in  a  remarkable  manner ;  the  fusing 
point  maybe  lowered,  the  hardness  and  strength  increased, 

(1) 
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etc.  Hence,  by  properly  alloying  a  metal  its  properties  mav 
be  so  affected  as  to  render  it  more  suitable  for  the  purpose  for 
which  it  is  to  be  used  ;  injurious,  properties  may  be  decreased 
and  desirable  ones  produced.  This  is  the  reason  why  gold 
silver,  copper,  lead,  tin,  and  other  metals  are  actually  more 
rarely  worked  in  a  pure,  than  in  an  alloyed  state. 

The  earliest  historical  data  in  reference  to  the  development 
of  the  art  oi  preparing,  so  to  say,  new  metals  by  melting 
together  several  metals  are  very  meagre,  and  though  it  ap¬ 
pears  from  several  passages  in  sacred  as  well  as  profane 
hist  on  that  no  metallic  compound  was  in  more  general  use 
w  it h  the  ancients  than  brass,  the  mode  of  its  manufacture  is 
lett  in  obscurity  by  the  historiographers  of  subsequent  ages. 

1  liny  says  that  a  flourishing  trade  in  brass  was  carried  on  in 
Rome  shortly  after  the  founding  of  that  city,  and  that  Numa, 
the  immediate  successor  of  Romulus,  formed  all  the  workers 

in  this  alloy  into  a  kind  of  community. 

%/ 

The  Greeks  possessed  considerable  knowledge  in  the  art  of 
mixing  metals,  and  knew  how  to  prepare  alloys  with  special 
properties  which  rendered  them  suitable  for  particular  pur¬ 
poses.  1  he}  understood,  for  instance,  the  preparation  ot 
.alloys  which  were  especially  hard,  or  well  adapted  for  casting. 

oldest  allo\s  we  know  ot  always  contain  copper,  which  is, 
no  doubt,  due  to  the  fact  that  this  metal  occurs  native  in 
many  places,  and  is  also  readily  reduced  from  its  ores.  Next 
to  alloys  containing  copper,  we  find  those  of  the  noble  metals 
sil\  u  and  gold  with  a  base  metal,  generally  copper. 

not  difficult  to  explain  why  the  noble  metals  were 
n  loyed  in  early  times  with  other  metals.  On  the  one  hand, 
.'ose  nu'fals  were  much  more  expensive  than  at  the  present 
time,  and,  being  subject  to  considerable  wear  on  account  ot 
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their  softness,  it  was  but  natural  that  some  one,  recognizing 
the  great  similarity  between  the  heavy  metals  as  regards  duc¬ 
tility,  weight,  and  lustre,  should  have  instituted  experiments 
in  order  to  see  how  these  metals  would  behave  towards  each 
other  when  melted  together.  Experience  then  showed  that 
by  melting  together,  for  instance,  a  certain  quantity  of  silver 
with  copper,  the  properties  of  silver,  especially  its  white  color, 
were  retained,  while  the  hardness  and  power  of  resistance  of 
the  alloy  were  considerably  increased. 

There  can  scarcely  be  any  doubt  that  the  alloys  of  copper 
with  tin,  generally  called  bronze,  were  the  earliest  mixtures  oi 
metals,  because  zinc,  in  a  metallic  state,  has  only  been  known 
at  a  later  period,  while  tin  was  known  in  the  earliest  historic 
times.  Next  in  historical  order  follow  the  alloys  of  the  noble 
metals  with  each  other  and  with  copper.  Mercury,  which 
occurs  free  in  nature,  was  also  known  to  the  ancients,  and  its 
metallic  properties  recognized  by  them,  as  is  evident  horn  the 
name  —  hydrargyrus  (water-silver) —  by  which  it  was  desig¬ 
nated.  It  is  certain  that  compounds  of  it,  which,  at  the 
present  time,  are  known  as  amalgams,  were  used  b}  the 
Greeks  and  Arabians.  From  what  has  been  said,  it  would 
seem  likely  that  the  ancients  understood  the  art  ot  fiie-gilding 
metallic  articles  with  the  assistance  ot  gold  amalgam ,  and,  in 
fact,  some  old  statues  which  had  evidently  been  gilded  ha\t 
been  found — the  best  example  ot  it  being  the  statue  of 
Roman  emperor  Marcus  Aurelius,  which  now  stands  in  front 
of  the  capitol  at  Rome. 

Up  to  the  commencement  of  the  reign  of  Charlemagne, 
when  the  development  of  the  technical  arts  commenced  in 
Europe,  the  only  mixtures  of  metals  were  the  allo\N  of  e  } 
per,  tin,  zinc,  silver,  and  gold,  and  some  amalgams,  lo  pro 
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pare  other  alloys  a  greater  knowledge  of  chemistry  was  re¬ 
quired  than  that  possessed  by  the  early  races  of  mankind 
The  development  of  chemistry  was  principally  due  to  the 
Arabs,  and  especially  to  those  settled  in  Spain — the  Moors— 
who  were  well  learned  in  the  chemical  sciences  and  in  all 
branches  of  natural  history,  and  probably  well  aware  of  many 
mixtures  of  metals  still  used  at  the  present  time.  At  later 
periods  it  was  alchemy,  the  vague  hallucination  of  making 
gold  from  lead  and  other  base  metals,  which  prompted  men 
to  undertake  investigations  fruitful  of  chemical  deductions 
and  promotive  of  a  knowledge  of  the  metals.  Many  an  alche¬ 
mist  found  in  his  crucible  alloys,  which  he  threw  away  unsat¬ 
isfied,  because  they  did  not  possess  the  properties  of  the  de¬ 
sired  gold,  but  which  at  the  present  time  are  profitably  used. 
It  may  be  said  without  exaggeration  that  modern  chemistry 
would  not  have  reached  such  a  degree  of  excellence  if  it  were 
not  tor  the  great  abundance  of  facts  collected  by  the  alchemist 
to  be  marshaled  into  a  science  thereafter. 

From  what  has  been  said,  it  will  be  seen  that  at  the  time 
when  chemistry  as  a  science  did  not  exist,  considerable  was 
known  in  regard  to  alloys,  and  we  find  that  in  the  middle 
ages  a  large  number  ot  mixtures  of  metals  were  used  in  the 
difieient  arts  and  industries.  The  preparation  of  the  alloys, 
however,  was  always  effected  in  a  very  crude  manner,  but 
little  being  known  about  the  definite  proportions  in  which  the 
metals  had  to  be  melted  together  in  order  to  obtain  alloys  of 
determined  properties.  The  only  exception  to  this  were  the 
alloys  obtained  by  the  direct  melting  together  of  the  pure 
metals,  for  instance,  those  prepared  from  the  noble  metals  and 
copper.  As  is  well  known,  everything  relating  to  coinage  had 
reached  a  considerable  degree  of  excellence  in  the  middle  ages, 
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and  the  fineness  of  a  mixture  of  metals  which  was  to  be  used 
for  coinage  could  be  determined  with  considerable  accuracy. 

The  art  of  preparing  alloys,  however,  became  only  a  branch 
of  chemistry  when  the  latter,  somewhat  more  than  a  century 
ago,  entered  the  ranks  of  the  sciences.  The  chemists  gradually 
investigated  all  the  bodies  occurring  in  nature,  and  showed 
how  from  minerals  a  series  of  metals  could  be  gained  which 
were  not  known  up  to  that  time.  These  metals  were  ex¬ 
amined  in  regard  to  their  intrinsic  properties  and  their  be¬ 
havior  towards  each  other,  and  it  was  observed  that  a  great 
number  of  their  mixtures  possessed  properties  which  made 
them  suitable  for  technical  purposes. 

Of  the  sixty-four  elementary  or  simple  bodies  at  present  re¬ 
cognized,  no  less  than  fifty  belong  to  the  class  of  metals. 
Several  of  these  are  of  recent  discovery,  and  are,  as  yet,  im¬ 
perfectly  known.  Nevertheless,  there  is  but  a  small  number 
of  them  which  cannot  be  used  for  the  preparation  of  alloys. 

Though  it  may  be  said  that  our  knowledge  of  chemistry  has 
advanced  so  far  that  at  present  all  metals  of  importance  in  the 
arts  and  industries  are  known,  our  knowledge  of  the  metals 
themselves  cannot  be  considered  complete,  as,  during  the  last 
twenty-five  vears,  several  new  metals  have  been  disco\ered 
which  may  become  of  a  certain  importance  in  the  pieparation 
of  alloys.  The  fact  that  these  metals  are  very  rare  at  the 
present  time,  and  that  their  preparation  is  connected  with 
enormous  expense,  is  not  adverse  to  this  conjecture, 
many  examples  could  be  enumerated  of  bodies,  for  example 
aluminium,  which  not  many  years  ago  were  considered 
pensive  rarities,  but  are  now  produced  on  a  larp  .calc, 
used  for  industrial  purposes. 

From  what  has  been  said,  the  science  of  metallic  alloys 
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must  be  considered  as  a  branch  of  knowledge  which,  tJiougl 
brought  to  a  high  degree  of  perfection,  is  by  no  means  com 
plete.  It  rather  opens  a  wide  field  for  the  activity  of  tlle 
chemist,  and  the  invention  of  a  new  alloy  belongs  to  the  most 
important  and  valuable  discoveries,  since  nearly  every  alloy 
possesses  certain  specific  properties  which  make  its  application 
to  many  branches  of  industry  especially  valuable. 

From  the  explanation  previously  given,  it  is  evident  that 


an  alloy  cannot  be  a  mere  mechanical  mixture  of  several 
metals,  and  hence  there  remains  only  the  possibility  of  its 
being  either  a  chemical  combination  or  simply  a  solution  of 
one  metal  in  another,  similar  to  a  solution  of  common  salt 

in  water,  of  ether  in  alcohol,  of  sulphur  in  carbon  disul¬ 
phide,  etc. 

A  chemical  combination  would  seem  to  be  indicated  by  the 
development  of  heat  which  takes  place  when  certain  metals 
in  a  fused  state  are  mixed  one  with  the  other  (aluminium 
with  copper,  silver,  gold ;  lead  with  bismuth,  etc.) ;  further 
b}  the  frequently  considerable  variations  in  the  physical 
properties  of  the  alloys  from  those  of  their  constituents  (color, 
specific  gravity,  fusing  point,  power  of  conducting  electricity, 

* ) '  ^1(  cr } stallizing  power  of  many  alloys;  and  finally 

fact  that  fioni  alloys  in  a  liquid  state,  when  heated 
but  little  above  the  fusing  point,  solid  crystals  of  varying 
composition  are  not  unfrequently  separated— Patti nson’s  de- 
si  venzmg  process  of  argentiferous  lead,  whereby  from  the 
used  lead,  crystals  of  an  alloy  poorer  in  silver  may  be  sep- 

dlate.  aivld  Sklmmed  off>  while  the  lead  richer  in  silver 
lemains  ehind  in  a  liquid  state.  However,  it  must  be  re- 

“ered  that  Similar  Processes  also  take  place  in 

Gr0llS  t  Wlth  solutions,  but  with  this  difference,  that 
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solutions  are,  as  a  rule,  liquid  at  the  ordinary  temperature, 
while  alloys,  almost  without  exception,  acquire  a  fluid  form 
only  at  a  higher  temperature.  On  mixing  sulphuric  acid 
with  water,  development  of  heat  takes  place  in  all  cases  and 
with  all  proportions  of  weight,  without  a  new  hydrate  of 
sulphuric  acid  being  formed  every  time ;  the  same  phe¬ 
nomenon  may  be  observed  when  absolute  alcohol  is  mixed 
with  water,  and  in  many  other  mixtures.  However,  the 
physical  properties  of  ordinary  solutions  very  frequently  vary 
from  those  of  their  constituents  in  the  same  manner  as  we  are 
accustomed  to  see  in  many  alloj's.  If  common  salt  is  dis¬ 
solved  in  water,  the  specific  gravity  of  the  solution  is  greater, 
hence  the  volume  smaller,  than  it  should  be  according  to 
calculation  if  a  mere  mechanical  mixture  had  taken  place ; 
the  same  phenomenon  being  exhibited  also  with  solutions  of 
numerous  other  salts  and  liquids,  of  water  with  alcohol,  with 
sulphuric  acid  and  many  other  bodies.  On  the  other  hand, 
it  frequently  occurs  that  the  specific  gravity  is  less  and  the 
volume  greater  than  according  to  the  average  calculation, 
this  being  the  case  with  most  solutions  of  ammonia  in  water. 
While  the  melting  point  of  sodium  chloride  (common  salt) 
lies  at  about  1112°  F.  and  that  of  pure  frozen  water  at  32° 
F.  solutions  of  the  salt  in  water  solidfy  only  at  temperatures 


below  32°  F.  Numerous  other  solutions  show  a  similar  be¬ 
havior.  However,  on  slowly  cooling  a  common  salt  solution 
to  below  the  freezing  point,  a  solidified  solution  poorer  in  salt 
is  first  separated,  while  one  richer  in  salt  remains  temporal  il\ 
behind  in  a  fluid  state  ;  by  continuing  the  cooling  a  second 
separation  into  a  solidifying  solution  poorer  in  salt  and  one 
richer  in  salt  remaining  behind  takes  place,  and  so  on. 

Process  is  used  in  northern  climates  for  the  concentration  of 
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the  content  of  the  salt  in  sea  water,  as  well  as  in  workin 
poor  brine,  and,  in  fact,  closely  resembles  the  above  mentioned 
Pattinson  process  of  enriching  the  content  of  silver  in  ]ea(i 
In  this  respect  numerous  other  analogies  might  be  shown- 
for  instance,  on  solidifying  an  aqueous  solution  of  alcohol' 
one  poorer  in  alcohol  is  first  separated,  and  so  on. 

From  these  comparisons  it  will  be  seen  that  the  above-men¬ 
tioned  properties  of  alloys  are  by  no  means  a  certain  proof  for 
their  character  of  chemical  combinations;  nor  is  their  power 
of  crystallizing  always  a  sure  sign  of  chemical  union.  Al¬ 


though  the  crystals  of  alloys  occasionally  belong  to  another 
s\  stem  of  crystallization  than  the  crystals  of  each  respective 
sepai ate  metal,  their  composition  does  not  always  correspond 
to  definite  atomic  proportions,  but  frequently  moves  within 
ver\^  wide  limits.  Ihus  gold-tin  alloys,  with  a  content  of  27 
pei  cent,  of  gold,  crystallize  in  the  dimetric  system  with- 
composition  according  to  atomic  proportions  being 
necessar}  therefor.  Antimony-zinc  alloys  in  all  proportions 
m  oO  to  70  per  cent,  of  zinc,  yield  beautifully-formed 
r  om  ic  prisms  or  octahedrons,  etc.  As  is  well  known,  when 

f  S>  at  ^le  or(l inary  temperature,  are  subjected  to 
,  .  *  ClyStals  are  formed  in  them,  the  composition  of 
..  always  dependent  upon  chemical  atomic  propor- 

arTn,  T-  7%  UP°n  ,“,e  Soli<%ing  temperature,  and  hence, 

mon  salt;1  solution^ in^  rvate  ** 

The  nr  +  •  '  cr>  pi eviously  mentioned. 

with  each  other  in  aTuie  r°fQTVed  t0’ t0  ^ 

dent  of  their  chemic  1  T""  proportions  by  weight,  indepen- 

everv  altov  em "  i  n”C  ^  ^  ^  ^ 

* —  „lses  p;  e:x  :r chemicai  ^ ,ha: 

°n  of  one  metal  in  another,  or  of  one  oi 
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more  chemical  combinations,  in  the  excess  of  one  of  the  con¬ 
stituent  metals  must  be  present.  That  actual  chemical  com¬ 
binations  between  two  or  more  metals  mav  be  formed  and 
remain  dissolved  in  the  excess  of  the  metal,  scarcely  admits 
of  any  doubt.  The  manner  of  these  combinations  will  depend 
partly  upon  the  general  chemical  behavior  of  the  metals  to 
one  another,  partly  upon  the  proportions  by  weight  in  which 
the  metals  are  present  in  the  alloy,  partly  upon  the  aggregate 
state,  and,  with  alloys  in  a  liquid  state,  upon  the  temperature 
to  which  they  have  been  heated  above  their  fusing  points.  It 
is  very  probable  that  by  strong  overheating  above  the  fusing 
point  a  different  grouping  of  the  atoms  may  in  some  cases  be 
attained  than  that  by  slight  heating,  and  that  during  the  tran 
sition  into  the  solid  state  a  change  in  the  mutual  relations  may 
again  take  place.  The  time  of  reciprocal  action,  the  manner 
of  mixing,  etc*.,  may  also  be  of  influence  thereby.  This  ex¬ 
plains  partly  the  frequently  observed  variations  in  apparently 
the  same  alloys  when  prepared  in  a  different  manner,  heated 
to  different  temperatures,  or  kept  in  a  fluid  state  for  a  time  of 
varying  duration.  Hence  even*  alloy*  may  be  considered  a 
solution  of  various  metals  one  in  another,  in  which,  according 
to  the  different  aggregate  state  and  according  to  the  varying 
high  temperature,  chemical  combinations  of  the  metal  >  among 
each  other  may  be  formed  and  again  disintegrated,  howe\er, 
without  the  nature  of  the  alloy  being  conditional  upon  the 

presence  of  such  combinations. 

As  frequently  observed  in  daily*  life,  some  bodies  liquid  at 
the  ordinary  temperature,  dissolve  one  in  another  w  ith  perfec 
ease  and  in  all  proportions  (water  and  alcohol,  ether  and  alco¬ 
hol);  others  possess  this  property  only  to  a  limited  extent 
(water  and  ether,  each  of  these  fluids  dissohing  only  a  limiti 
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quantity  of  the  other) ;  while  others  again  do  not  dissolve 
mutually  one  another,  but  when  mechanically  mixed,  re. 
separate  on  account  of  their  different  specific  gravities.  The 
same  phenomenon  may  be  observed  in  metals.  When  mixed 
in  a  liquid  state,  some  of  them  alloy  readily  and  in  every 

V 

proportion ;  others  with  more  difficulty  and  to  a  limited  ex¬ 
tent,  and  some  scarcely  at  all.  A  definite  general  law  for  the 
alloying  power  of  metals  towards  each  other  does  not  exist. 
Generally  speaking,  it  may  be  said  that  metals  of  similar 
chemical  behavior  alloy,  as  a  rule,  with  greater  ease  than 
when  great  differences  exist  in  this  respect. 


CHAPTER  II. 


PHYSICAL  AND  CHEMICAL  RELATIONS  OF  THE  METALS. 

Before  entering  upon  the  description  of  the  manufacture  of 
alloys,  it  will  be  necessary  to  give  a  general  review  of  the 
physical  and  chemical  properties  of  the  metals ;  such  know  1- 
edge  of  the  elements  to  be  alloyed  being  required  in  order  to 
proceed  according  to  a  determined  plan,  as  otherwise  satisfac¬ 
tory  results  could  only  be  obtained  by  a  happy  accident. 

Most  of  our  readers,  no  doubt,  possess  this  information  ;  but 
memory  might  fail  some  ot  them,  and  some  essential,  though 
elementary,  details  may  escape  others.  Nevertheless,  a  book 
like  this  should  be  complete,  and  include  all  the  rudiments 
absolutely  necessary  for  the  understanding  of  the  subject,  with 
out  the  trouble  of  searching  for  the  information  in  otlui 
books. 

Chemists  divide  the  elementary  bodies  into  two  la  ^ 
groups,  viz.,  the  metals  and  metalloids  01  non  metals, 
latter  term  being  decidedly  preferable  tor  the  second  ^  ]  > 

as  it  definitely  expresses  the  existence  ol  an  essential  diff 
between  these  tw7o  groups  of  elementary  bodies,  lhoug 
chemists  do  not  by  any  means  agree  as  to  which  bodies  an  to 
be  termed  metals  and  which  non-metals,  it  is  not  difficu 
our  purposes  to  give  certain  distinctive  chaiacteiistics, 
as  regards  the  metals  to  be  considered  in  connection  wit  i  >c 
manufacture  of  alloys,  a  sharp  boundary  can  be  di  aw  n  • 
tween  them  and  the  non-metals  in  the  actual  sense  of  1 10 

(ID 
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a.  Physical  Relations  of  the  Metals. 

By  the  term  metal  is,  as  a  rule,  understood  in  ordinary  life 
a  body,  which,  besides  high  specific  gravity,  a  characteristic 
color,  and  especially  a  characteristic  lustre,  shows  other  de¬ 
finite  properties.  It  is,  for  instance,  frequently  supposed  that 
all  metals  possess  a  high  degree  of  ductility,  that  they  are 
opaque,  fuse  only  at  a  high  temperature,  and  on  exposure  to 
the  air  undergo  a  slow  alteration  or,  as  is  the  case  with  the  so- 
called  noble  metals,  retain  their  color  under  all  circumstances. 

The  properties  above  named  undoubtedly  belong  to  the 
metals  ordinarily  understood  by  that  term  and  chiefly  used  in 
the  industries.  In  considering,  however,  the  bodies  termed 
metals  from  the  standpoint  of  the  chemist,  we  find  that  many 
of  them,  which  must  unquestionably  be  included  in  that 
group,  show  properties  differing  very  much  from  those  enu¬ 
merated  above.  If  we  first  turn  to  the  ordinary  well-known 
metals,  we  find  them  distinguished  by  a  characteristic  lustre, 
termed  metallic  lustie,  this  property  being  even  possessed  in  a 
^en  high  degree  by  such  metals  as  appear  entirely  lustreless 
consequence  of  their  chemical  properties  (i.  e.,  in  contact 
with  the  aii).  If  a  lump  of  lead  be  cut  across  with  a  knife, 
suiface  shows  a  beautiful  lustre,  but  will  very 

speedily  tarnish  by  the  lead  undergoing  a  rapid  alteration  on 
exposure  to  the  air. 


high  specific  gravity  and  metallic  lustre,  oth 
general  properties  are  ordinarily  ascribed  to  metals,  promine: 
among  which  is  malleability.  It  is,  however,  well  known 
.toe  handling  metals  that  they  manifest  great  variatioi 
m  capacity  of  extension  under  the  hammer  or  between  roller 
•  "me  of  them,  like  gold  and  silver,  may  be  obtained  in  e: 
<  eedingly  thin  leaves,  while  others,  like  antimony  andbismutl 
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appear  to  be  perfectly  unmalleable.  Similar  differences  are 
noticeable  in  the  ductility  of  the  metals ;  some  of  them  can 
be  drawn  out  into  very  fine  wire,  while  others  are  altogether 
destitute  of  ductility. 

Even  the  property  of  opacity  belongs  only  conditionally  to 
the  metals,  for  gold  and  silver  are  translucent  in  thin  plates, 
the  former  transmitting  green  rays  and  the  latter  blue  rays, 
though  none  of  the  other  metals  have  been  obtained  in  suffi¬ 
ciently  thin  leaves  to  allow  of  the  transmission  of  light. 

From  what  has  been  said  it  will  be  seen  that  the  properties 
of  metals  vary  very  much  from  those  ordinarily  ascribed  to 
them,  and  the  same  must  be  said  in  regard  to  their  fusibility. 
While  some  fuse  at  a  temperature  below  that  of  boiling  water, 
others  melt  only  at  the  very  highest  temperature,  and  the 
determination  of  the  exact  point  is  a  matter  of  great  difficulty. 
Certain  of  them  soften  before  actual  fusion  occurs,  so  that  they 
can  be  hammered  or  welded  into  compact  masses.  1  lieie 
are,  however,  some  points  in  which  all  metals  to  be  hcie 
discussed  agree : 

They  are  distinguished  by  great  weight :  lead,  iron,  gold, 
and  platinum  being  representatives  of  those  prominent  in  this 


espect. 

They  are,  as  a  rule,  very  ductile  bodies:  copper,  silver, 
Sold,  etc.,  being  representatives  of  this  group.  Others,  bkt 
due,  antimony,  and  bismuth,  show,  however,  a  high  degree 
brittleness. 

W  ith  the  exception  of  mercury,  they  aie  all  >oli<f 
ordinary  temperature  and  become  fluid  onl\  at  highc 
peratures,  the  degree  of  heat  at  which  this  takes  place  \  an  in^> 
however,  very  much. 

They  are,  without  exception,  excellent  conductor*  of  heat 


14 


THE  METALLIC  ALLOYS. 


and  electricity ;  that  is,  they  rapidly  absorb  them,  but  in* . 
rapidly  yield  them  up  again. 

These  general  points  quite  exhaust  the  physical  properties 
of  metals  possessed  by  them  in  common.  It  remains  to  be 
remarked  that  they  show  considerable  differences  in  regard  to 
specific  gravity,  ductility,  conductivity,  etc.,  which  will  be 
referred  to  in  speaking  of  the  special  properties  of  the  metals 
available  for  alloys. 


/>.  Chemical  Relations  of  the  Metals. 

(  heniically,  the  metals  are  distinguished  by  their  ability  to 
form  combinations  with  the  non-metallic  elements ;  the  com¬ 
binations  with  the  oxygen  of  the  air  being  especially  energetic. 
1  he  affinity  of  the  different  metals  for  oxygen,  however,  varies 
gieatlv ,  the  majority  of  the  metals  used  in  ordinary  life  com¬ 
bining  with  it  at  an  ordinary  temperature.  This  phenomenon 
can  be  readily  observed  on  the  previously-mentioned  lump  of 
lead.  1  he  fresh  surfaces  lose  their  lustre  by  the  lead  combin¬ 
ing  with  the  oxygen  from  the  air,  which  gives  rise  to  a  coat¬ 
ing  of  oxide.  Copper,  having  less  affinity  for  oxygen,  remains 
bright  foi  some  time  and  then  acquires  a  brown-red  coloring- 
which  is  also  due  to  the  formation  ot  a  layer  of  oxide.  Many 
othei  metals  remain  bright  at  an  ordinary  temperature,  and 
only  lose  their  characteristic  lustre  by  oxidation  taking  place 
at  a  higher  temperature— this  last  phenomenon  being,  for 
instance,  observed  with  tin  and  antimonial  metals  which 
become  oxidized  by  heating.  In  ordinary  language  all  metals 
losing  their  metallic  lustre  at  an  ordinary  temperature  or  by 
heating  are  termed  base  metals,  while  the  term  noble  metals  is 
applied  to  those  which  have  so  little  attraction  for  oxvge» 
that  they  cannot  be  induced  directly  to  unite  with  it  even  at 
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high  temperatures.  The  number  of  noble  metals  is  very 
small  in  comparison  with  that  of  the  base  metals  and  of  those 
more  frequently  used ;  mercury,  silver,  gold,  and  platinum 
only  can  be  actually  counted  among  them. 

From  what  has  been  said,  it  will  be  seen  that  the  metals 
may  be  divided  according  to  their  behavior  towards  oxygen, 
such  a  division  being  in  fact  well  supported,  as  we  will  have 
oecusion  to  demonstrate  in  the  course  of  our  explanation. 

In  a  chemical  sense,  the  metals  can  be  further  divided  with 
reference  to  certain  physical  properties  into  heavy  and  light 
metals.  There  is  a  series  of  metals  whose  specific  gravity  is 
so  small  that  they  float  upon  water,  that  of  some  of  them 
being  not  greater  than  ordinarily  exhibited  by  glass.  (  hem- 
ists  term  such  metals  light  metals,  in  contradistinction  to 
those  which  are  distinguished  by  great  weightiness. 

The  properties  of  the  light  and  heavy  metals  allow,  how¬ 
ever,  of  an  easy  separation  as  regards  their  chemical  relations, 
and,  by  taking  these  relations  into  consideration,  the  result 
will  be  a  suitable  division  of  the  metals  into  detei mined 
groups  which,  together  with  their  special  properties,  will  be 
mentioned. 

The  metals  belonging  to  the  group  of  light  metal*  ha\<. 
very  small  specific  gravity,  which  does  not  exceed  four  (the 
weight-  of  a  volume  of  water  being  always  taken  as  a  unit). 
These  metals  find  but  a  limited  application  by  themselves, 
most  of  them  having  such  strong  affinity  for  oxygen  as  to  be 
very  speedily  converted  into  oxide  on  coming  into  contac 
with  the  air.  Only  two  of  them,  magnesium  and  aluminium, 
form  an  exception' in  this  respect,  and  are,  therefore,  used  m 
fhe  arts  and  industries,  though  the  former  onh  to  a  limit 
extent,  According  to  their  occurrence,  these  mota  > 
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divided  into  several  groups,  viz.:  alkali  metals,  metals  of  the 
alkaline  earths,  and  metals  of  the  earths  proper. 


To  the  alkali  metals  belong  potassium,  sodium  and  lithium 
and  a  few  other  very  rare  metals,  which  have  only  become 
known  in  more  modern  times.  The  first  two  metals  named 
occur  generally  in  the  ashes  of  land  and  marine  plants,  but. 
on  account  of  their  great  instability,  are  not  generally  em¬ 
ployed  in  the  industries,  they  serving  only  for  the  preparation 


of  certain  seldom-used  metals.  Lithium  is  a  very  widely  dif¬ 
fused  element,  being  found  in  many  micas,  in  feldspar,  in  the 
ashes  ot  many  plants,  and  in  sea-water ;  it  has  also  been  de¬ 
tected  in  certain  meteorites.  It  is  the  lightest  solid  known, 
being  lighter  even  than  any  known  liquid. 

J he  metals  of  the  alkaline  earths  have  nearly  the  same 
properties  as  the  alkali  metals,  but  their  affinity  for  oxygen, 
though  very  considerable,  is  somewhat  less.  Chemists  include 
in  this  gioup  calcium,  occurring  in  gypsum,  limestone,  and 
main  othei  minerals ;  barium,  contained  in  heavy  spar ;  and 
stiontium,  the  principal  naturally-occurring  compounds  of 
which  are  the  sulphate,  or  coelestin,  and  the  carbonate,  or 
strontianite.  Like  the  alkali  metals,  the  metals  of  the  alkaline 
earths  do  not  find  a  direct  application  in  the  industries,  their 


^  ea  affinity  foi  oxygen  rendering  such  use  impossible. 

metals  of  the  earths  proper  occur  in  many  minerals,  am 
a  large  number  of  metals  belonging  to  this  group  are  known 
but  only  two  of  them-^lumdmum,  occuriug  in  alum,  day 

f°  (  Spar’  and  a  larSe  number  of  other  minerals,  and  magi# 
mum  found  in  dolomite,  etc.— have  any  claim  to  our  attention 
<>n  t  le  ground  ot  their  technical  importance.  Their  affinity 
oi  oxygen  is  not  so  energetic  as  that  of  the  other  metals  ot 
“S  gTOUp’  S,,u;0  both  <*»  be  kept  in  contact  with  dry  »ir 
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without  entering  into  combination  with  oxygen,  aluminium 
even  retaining  its  lustre  for  a  comparatively  long  time. 

All  light  metals  have,  however,  the  property  of  readily  de¬ 
composing  water,  the  alkali  metals  and  metals  of  the  alkaline 
earths  effecting  this  at  an  ordinary  temperature.  When  a 
piece  of  potassium  is  thrown  upon  water,  a  vigorous  develop¬ 
ment  of  hydrogen  immediately  takes  place.  The  metal  melts 
in  consequence  of  the  heat  liberated  by  the  chemical  process, 
and  the  developed  hydrogen  ignites.  The  metal  combines 
immediately  with  the  oxygen  to  potassium  oxide,  which  dis¬ 
solves  in  water.  After  the  combustion  of  the  potassium,  a 
colorless  globule,  consisting  of  the  melted  potassium  oxide, 
floats  upon  the  surface  of  the  water.  With  a  peculiar  fizzing 
noise  this  globule  suddenly  bursts  into  pieces,  which  speedily 
dissolve  in  the  water  to  potassium  hydroxide. 

The  metals  of  the  earths  proper  act  less  energetically  on 
meeting  with  water,  though  they  decompose  it  at  a  boiling 
heat. ;  magnesium,  for  instance,  when  strongly  heated  in  con¬ 
tact  with  air,  burning  with  the  development  of  considerable 
hght  and  heat. 

heavy  metals,  i.  e.,  those  which  are  chiefly  used  in  or¬ 
dinary  life,  can,  according  to  their  chemical  behavior,  be 
brought  into  four  well-defined  groups,  the  group  into  which 
each  metal  is  to  be  placed  depending  on  its  behavior  in  con¬ 
tact  with  steam  or  with  water  in  the  presence  of  an  acid.  In 
reference  to  this  we  distinguish  the  following  groups  . 

1-  Metals  which  decompose  water  at  the  ordinary  tempeia- 
*Ule  in  the  presence  of  an  acid,  and  which  possess  the  fuithei 
p  Property  of  decomposing  water  at  a  higher  temperatuie  (at  a 
red  heat).  To  this  group  belong  iron,  zinc,  nickel,  cobalt, 

lromium,  cadmium,  tin,  and  a  few  rarer  metals. 

*> 
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2.  Metals  which  decompose  water  at  the  temperature  of  , 
red  heat,  but  lack  the  property  of  decomposing  water  in  the 
presence  of  an  acid.  Of  the  more  important  metals,  only 
antimony  and  tungsten  belong  to  this  group. 

3.  Metals  which  are  incapable  of  sensibly  decomposing 
water  either  at  a  red  heat  or  in  the  presence  of  an  acid,  and 
are  entirely  indifferent  towards  it  at  an  ordinary  temperature. 
The  metals  belonging  to  this  group,  of  which  bismuth,  lead, 
copper,  and  mercury  are  representatives,  possess,  however,  the 
property  of  oxidizing  when  heated  red  hot  in  contact  with  air. 

4.  Noble  metals  are,  finally,  such  as  do  not  combine  with 
oxygen  when  strongly  heated  in  contact  with  air,  and  at  a 
ted  heat  remain  entirely  indifferent  towards  water.  Silver, 
gold,  and  platinum  are  the  most  important  of  the  metals  be¬ 
longing  to  this  group. 


Besides  the  metals  enumerated  in  the  preceding  groups, 
there  are  a  number  of  others,  which,  according  to  their  be¬ 
havior,  belong  to  one  or  the  other.  But,  as  previously  men¬ 
tioned,  these  metals  are  of  no  technical  importance,  being  on 
account  of  their  rarity  too  expensive  to  be  used  for  industrial 
purposes.  Moreover,  we  would  here  remark  that  among  the 
enumerated  metals  are  some,  for  instance,  cobalt  and  tungsten, 
whose  application  in  the  industries  is  very  limited,  though 
tiny  can  be  piocured  in  large  quantities.  A  more  extensh e 
use  may,  however,  be  found  for  them  in  the  future,  as  has 
been  the  case  with  nickel,  with  which  nothing  could  be  done 
tor  a  long  time,  but  which  is  now  used  in  large  quantities  in 
the  preparation  of  very  important  alloys. 

While  certain  metals  possess  the  property  of  considerably 
mu  cning  other  softer  and  more  ductile  metals,  certain  non- 
ic  bodies  exert  a  still  greater  influence  upon  the  pr°P' 
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erties  of  a  metal.  It  will,  therefore,  be  necessary  briefly  to 
consider  these  bodies. 

Carbon,  sulphur,  phosphorus,  and  arsenic  are  the  most 
prominent  of  the  non-metallic  bodies,  which  are  capable  of 
changing  to  a  considerable  degree  the  properties  of  a  metal, 
and  these  bodies  being  much  used  for  that  purpose  in  the  in¬ 
dustry,  we  will  have  to  consider  their  combinations  with  the 
metals,  though  they  do  not  belong  to  the  actual  alloys. 

The  exceedingly  great  influence  exerted  by  these  bodies 
upon  the  properties  of  metals,  even  if  admixed  only  in  very 
small  quantities,  is  best  shown  by  the  behavior  of  iron. 

Pure  iron,  such  as  is  used  for  piano  strings  or  good  shoe 
nails,  is  a  metal  of  great  hardness  and  extraordinary  tenacity, 
which  can  only  be  fused  at  the  highest  temperature  capable  of 
being  produced  in  our  furnaces.  It  contains  at  the  utmost 
one-half  per  cent,  of  foreign  substances,  consisting  of  varying 
quantities  of  manganese,  silicium,  and  carbon.  But  iron  con¬ 
taining  a  quantity  of  foreign  substances  amounting  to  1^  Pel 
cent.,  of  which  carbon  constitutes  the  greater  portion,  shows, 
however,  entirely  different  properties  and  is  termed  steel. 

As  is  well  known,  the  properties  of  steel  are  quite  different 
from  those  of  iron.  It  is  harder,  more  elastic,  and  moie 
nacious,  and  fuses  somewhat  more  readily.  B}  still  further 
increasing  the  carbon  in  the  iron  to  about  three  per  cent.,  we 
W  what  is  known  as  cast-iron.  It  is  more  fusible  than 
^teel,  but  brittle,  and  cannot  be  worked  under  the  burnt  ( 
ciacks).  According  to  the  content  of  carbon,  it  show  g  j 
f°  nearly  white  color  (gray  and  white  cast-iron)  and 

hne  structure. 

A  content  of  sulphur  or  phosphorus  exerts  a  still  greatu 
°ffect  upon  the  properties  of  iron  than  one  of  carbon. 
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containing  but  a  few  thousandths  of  sulphur,  can  only  fo 
worked  in  the  heat ;  if  hammered  in  the  “  cold  ”  it  cracks  •  it 
having  become  what  is  termed  “cold-short,”  i.  e.,  brittle  when 
cold.  With  a  still  smaller  content  of  phosphorus,  the  iron 
cannot  be  worked  with  the  hammer,  even  at  red  heat  and  at 
a  white  heat  cracks  under  the  hammer;  it  having  become 
“  red-short  ”  or  “  hot-short.”  The  admixture  of  these  bodies 
(carbon,  sulphur,  and  phosphorus)  with  the  metals  is  fre¬ 
quently  an  unintentional  one,  it  being  due  to  the  nature  of 
the  ores  used. 

Before  proceeding  with  the  description  of  the  properties  of 
the  alloys  and  the  manner  of  their  manufacture,  it  will  be 
convenient  in  order  to  avoid  unnecessary  repetition  later  on  to 
gi\e  a  short  sketch  of  the  special  properties  of  the  separate 
metals.  As  previously  mentioned,  some  metals  can  be  readily 
combined  according  to  certain  fixed  proportions.  In  such 
case  we  have  not  alloys  in  the  actual  sense  of  the  word  (i.  e., 
mixtures  of  metals),  but  rather  chemical  combinations. 

By  a  chemical  combination  is  understood  the  union  of 
two  01  more  simple  elements  in  unalterable  proportions  or 
multiples  theieof.  Bach  element  possesses  the  property  of 
combining  with  the  other  according  to  a  proportion  of  weight 
admitting  of  no  variation  whatever,  and  the  quantity  of 
weight  which  enters  into  the  combination,  and  is  capable  of 
impletely  invalidating  the  properties  of  the  other  bodies 
that,  so  to  say,  a  new  body  is  formed,  is  termed  the  atomic  or 
indivisible  weight.  The  names  of  the  most  important  ele¬ 
ments  are  given  in  the  annexed  table,  together  with  their 
symbols  and  atomic  weights,  which  express  the  proportions  in  1 
*  nch  they  combine  together,  or  simple  multiples  of  those 
pmpoi  ions.  Ihe  symbols  are  formed  of  the  first  letters  of 
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the  Latin  names  of  the  elements,  a  second  letter  being  added 
when  the  names  of  two  or  more  elements  begin  with  the  same 
letter. 


Table  of  elementary  bodies  with  their  symbols  and  atomic  weights . 

Non-Metals. 


Name. 

Sym¬ 

bol. 

Atomic 

weight. 

Name. 

Sym¬ 

bol. 

Atomic 

weight. 

Hydrogen . 

H 

1 

Phosphorus  .... 

P 

31 

Chlorine .  .  . 

Cl 

35.5 

Boron . 

Bo 

11 

Oxygen  . 

<) 

16 

Carbon  . 

C 

12 

Sulphur . 

s 

32 

Silicium . 

Si 

28 

Sodium  (Natrium) . 

Na 

Mei 

23 

PALS. 

Copper  (Cuprum)  . 

Cu 

63.4 

Potassium  (Kalium) 
Calcium . 

K 

Ca 

39.3 

40 

Mercury  (Hydra rgy- 
rum) . 

Hg 

200 

Magnesium  .... 

Mg 

24 

Silver  (Argentum) . 

Ag 

108 

Aluminium  .... 

Al 

27.4 

Gold  (Aurum)  .  .  • 

Au 

196 

Zinc . 

Zn 

65 

Platinum  .  •  • 

Pt 

197.5 

Cadmium  .  .  . 

Cd 

112 

Antimony(Stibium) 

Sb 

120 

Lead  (Plumbum)  . 

Pb 

207 

Arsenic . 

Ah 

75 

Iron  (Perruin) . 

Fe 

56 

Bismuth . 

Bi 

208 

Chromium  .... 
Manganese  ... 

Cr 

Mn 

52.2 

55 

Tin  (Stannum) 
Tungsten  or  Wolf- 
ram . 

8n 

118 

Cobalt . 

Co 

59 

W 

184 

Nickel.  .  .  . 

Ni 

58 

i 

CHAPTER  III. 


SPECIAL  PROPERTIES  OF  THE  METALS. 

a.  Alkali-metals. — As  previously  mentioned,  the  alkali- 
metals  occur  in  the  ashes  of  land  and  marine  plants,  potassium 
especially  in  that  of  land  plants,  and  sodium  in  that  of  marine 
plants.  Both  metals  can  be  prepared  in  large  quantities  by 
ti  eating  their  carbonates — potassium  carbonate  or  sodium  car¬ 
bonate  with  charcoal  and  chalk  in  iron  retorts  at  a  white 
heat,  bhey  are  brilliant-white  with  a  high  degree  of  lustre. 
At  an  ordinary  temperature  they  are  soft  and  may  be  easily 
cut  with  a  knife.  They  have  a  very  low  melting  point,  po¬ 
tassium  melting  completely  at  144.5°  F.,  and  sodium  at  . 
207.5  F.  Exposed  to  the  air  both  metals  rapidly  oxidize, 
and  must,  therefore,  be  preserved  under  a  fluid  containing  no 
ox}gon  (peti  oleum).  In  consequence  of  these  properties 
neither  potassium  nor  sodium  can  be  used  in  the  industries, 
and  serve  only  for  the  indirect  preparation  of  some  metals. 
For  instance,  by  a  combination  of  alumina  and  chlorine  with 
potassium  01  sodium,  the  latter,  in  consequence  of  their 
stronger  affinity  for  chlorine,  withdraw  it  from  the  combina¬ 
tion,  whereby  metallic  aluminium  is  liberated.  Several  other 
metals  can  be  prepared  in  a  similar  manner. 

b.  Metals  of  the  alkaline  earths.—  To  this  group  belong,  be* 
sides  calcium,  occurring  in  limestone,  gypsum,  and  several  f 
other  minerals,  barium  and  strontium.  The  affinity  of 
metals  for  oxygen  is  so  great,  that,  like  potassium  and  sodium 

(22) 
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they  have  to  be  kept  under  petroleum,  and  are  not  used  in  the 
form  of  metals  in  the  industries. 

c.  Metals  of  the  earths  proper. — The  most  important  of  this 
group  is  aluminium  (Al.,  atomic  weight  27.4).  It  is  a  white 
metal  very  nearly  approaching  silver  in  appearance.  It  melts 
at  a  red  heat,  about  1300°  F.,  but  will  not  vaporize.  It 
changes  very  little  at  the  ordinary  temperature,  or  even  when 
moderately  heated,  but  if  heated  in  a  stream  of  oxygen  it 
burns  brightly.  Nitric  acid  does  not  affect  aluminium,  sul¬ 
phuric  acid  only  dissolves  it  on  boiling,  while  it  is  readily 
soluble  in  hydrochloric  acid.  But  the  action  of  these  acids  is 
greatly  modified  by  the  purity  of  the  metal  and  also  by  the 
mechanical  conditions  under  which  the  metal  has  been  pre¬ 
pared,  hammered  aluminium  being  least  attacked,  rolled 
metal  next,  and  then  the  drawn  metal,  while  cast  metal  is 
much  more  easily  attacked  than  either.  Caustic  alkalies  in 
solution  readily  attack  aluminium  ;  in  ammonia  it  is  turned 
gray,  but  does  not  lose  strength  or  weight.  Chlorine,  bromine, 
iodine  and  fluorine  attack  aluminium  and  corrode  it.  It  is, 
however,  not  affected  by  sulphuretted  hydrogen  or  other  sul¬ 
phur  vapors. 

The  specific  heat  of  aluminium  is,  according  to  Richaid», 
°-2270,  water  being  1.0000,  that  is,  the  same  quantity  oi 
boat  that  would  raise  a  mass  of  aluminium  0.2270  of  a 
degree  C.,  would  raise  the  same  mass  of  water  1.0000 

degree  C. 

The  conductivity  of  heat ,  taking  silver  as  100,  m  3S  foi 
Sealed  wire  of  98.52  per  cent,  aluminium,  and  38.90  m  the 
^  wire  .annealed.  The  following  table  enables  us  to  com- 
i  r(  its  conductivity  with  that  of  other  metals . 
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Silver,  100. 

Copper,  73.6. 

Gold,  53.2. 

Annealed  aluminium,  38.9. 
Unannealed  aluminium,  38.0. 


Tin,  14.5. 
Iron,  11.9. 
Steel,  11.6. 
Platinum,  8.6. 
Bismuth,  1.8. 


Ihe  electric  conductivity  of  aluminium,  as  compared  with 
copper,  has  been  determined  by  Mr.  C.  K.  McGee,  of  the  Uni¬ 


versity  of  Michigan.  He  found  that  in  an  aluminium  unan¬ 
nealed  wire  0.0325  inch  in  diameter  the  electrical  resistance 
was  0.05749  “  legal  ohms  ”  of  one  yard,  while  that  of  pure 
copper  viie  of  same  diameter  was  only  0.03150;  temperature 
1  annealed  aluminium  wire  of  same  dimensions 

it  was  0.05484.  Ihe  aluminium  ivas  98.52  per  cent.  pure. 
I  ure  aluminium  shows  no  polarity.  An  ingot  of  aluminium 
containing  1.5  per  cent,  iron  showed  a  very  faint  polarity; 

with  two  pei  cent,  iron  the  polarity  was  distinct  and  very 
decidedly  marked. 

Aluminium  has  become  important  only  within  a  few  years 
past.  F  orty  years  ago  it  wras  as  much  a  chemical  curiosity  as 
any  one  of  the  rare  metals  is  to-day.  Through  the  efforts  of 
H.  St.  Claire  Deville  it  first  acquired  a  commercial  character, 
and  its  extraction  was  transferred  from  the  sphere  of  labora- 
tor\  experiment  to  become  a  metallurgical  process. 

Aluminium  is  the  most  widely  distributed  metal  on  earth. 
ne\ci  found  in  the  metallic  state,  but  always  combined 
with  oxygen,  and  in  this  form,  A1203,  is  the  basis  of  many  of 
the  commonest  rocks  and  the  chief  constituent  of  most  clays- 
found  in  porphyries,  igneous  rocks,  and  in  connection 
quartz  in  gianite,  gneiss,  mica,  schist,  syenite,  and  some 
sandstones,  while  sapphire  and  ruby  consist  exclusively  of  it 

A  very  large  per  cent,  of  aluminium-bearing  rocks  contain 
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over  sixty  per  cent,  of  aluminium,  while  a  large  number  con¬ 
tain  over  eighty  and  nearly  ninety  per  cent,  of  the  oxide. 
These  minerals  are  widely  distributed  both  in  this  country 
and  Europe,  but  from  reasons  partly  of  a  commercial  nature, 
the  deposits  of  bauxite  at  Baux,  near  Arles,  France,  and  in 
Georgia,  Alabama  and  Arkansas  in  the  United  States,  the 
English  and  Irish  clays  and  the  cryolite  from  Evigtok  (Green¬ 
land),  and  from  Norway,  are  the  most  familiar  as  aluminium- 
producing  ores.  The  utility  of  cryolite  and  bauxite  was  early 
discovered,  and  upon  the  use  of  one  or  both  of  these  minerals, 
most  ot  the  early  and  many  later  methods  depend. 

The  industrial  preparation  of  the  pure  metal  was  formerly 
effected  by  heating  the  double  chloride  of  aluminium  and 
s*°dluin,  or  the  native  double  fluoride  or  cryolite  with  sodium. 

A  mixture  of  10  parts  of  the  double  chloride,  5  parts  of 
fluorspar  or  cryolite,  and  2  parts  of  sodium  is  thrown  upon 
fhe  red-hot  hearth  of  a  small  reverberatory  furnace,  and  the 
dampers  are  closed  to  prevent  the  entrance  of  air.  Intense 
reaction  occurs,  and  the  materials  are  completely  liquefied. 

^  hen  the  reduction  is  finished,  the  slag  (consisting  of  a  mix- 
*llr°  °1  common  salt  and  aluminium  fluoride)  and  the  re- 
lured  aluminium  are  run  out  through  a  hole  at  the  back  of 
furnace.  In  preparing  the  metal  from  cryolite,  this  min- 
r<d  is  mixed  with  half  its  weight  of  common  salt,  and  the 
ni*ture  is  heated  with  sodium  in  an  iron  or  earthen  crucible. 

Th 

e  metal  obtained  by  reduction  with  sodium  usually  con- 
more  or  less  silicon,  iron,  and  admixed  slag. 

following  description  of  the  methods  in  vogue  at 
ulres,  p  ranee,  is  given  by  E.  D.  Self  :* — 


*  Journal  Franklin  Institute,  March,  1H87. 
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The  process  differs  from  the  one  first  used  industrially  in 
that  the  double  chloride  of  aluminium  and  sodium  is  substi¬ 
tuted  for  the  single  chloride  A12C16,  though  it  is  very  hygro¬ 
scopic,  and,  on  becoming  moistened,  oxidizes  to  A1203.  The 
material  chiefly  employed  at  Salindres  is  bauxite,  and  the 
process  consists,  briefly,  of  the  following  steps  : — 

1.  Preparation  of  the  aluminate  of  soda  and  the  solution  of 
this  salt  to  separate  the  oxide  of  iron  contained  in  the  ore. 

2.  Preparation  of  A1203  by  precipitating  it  from  the  soda 
solution  with  C02. 

o.  Preparation  of  the  mixture  of  A1203,  carbon  and  salt, 
and  drying  and  treating  with  chlorine  gas  to  obtain  the 
double  chloride. 

4.  1  reatment  of  the  double  chloride  with  sodium  to  obtain 
metallic  aluminium. 

Ihe  aluminate  of  soda  Al203.3(Na0)  is  produced  by  calcin¬ 
ing  a  mixture  of  bauxite  (Al203  and  sesquioxide  of  iron)  and 
carbonate  of  soda,  and  then  dissolving  and  filtering  off  the 
soluble  aluminate  from  the  sesquioxide  of  iron.  The  alumina 
is  now  precipitated  from  the  soda  solution  by  C02  thus 

Al203.3(Na20)  +  3C02  +  3H20  =  A1203.3H20  +  3(Na2C08). 

Ihe  formation  of  the  double  chloride  by  the  action  of 

chlorine  on  a  mixture  of  alumina,  carbon,  and  salt  is  thus  ex¬ 
pressed  : 

A1203  +  3C  +  2NaCl  +  6C1  =  Al2Cl6.2NaCl  +  3CO. 

Finally,  the  reduction  of  the  double  chloride  by  sodium  is-' 
Al2Cl6.2NaCl  +  6Na  =  2A1  +  8NaCl. 

Considerable  difficulty  was  at  first  experienced  in  the  man- 
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ufacture  of  aluminium  to  find  a  flux  whose  density  was  low 
enough  and,  at  the  same  time,  was  free  from  iron.  Cryolite, 
however,  seems  to  answer  the  purpose  very  well,  and  produces 
a  very  fusible  slag,  beneath  which  the  metal  collects.  The 
proportions  for  the  constituents  of  a  charge  are:  Double 
chloride  200  lbs.,  cryolite  90  lbs.,  sodium  70  lbs. 

The  double  chloride  and  cryolite  are  mixed,  and  then 
divided  into  four  equal  parts.  The  sodium  is  divided  into 
three  parts,  and  is  so  put  in  that  it  has  a  layer  of  the  double 
chloride  and  cryolite  beneath  it  on  the  hearth  of  the  furnace, 
and  between  it  in  successive  layers,  the  top  one  being  com¬ 
posed  of  the  cryolite  mixture. 

As  heat  is  applied  the  first  flow  is  melted  slag,  then  alu¬ 
minium,  and  finally  a  gray  cinder  containing  small  portions 
of  the  metal. 

However,  so  long  as  aluminium  could  be  prepared  only  by 
the  reduction  of  its  chloride  by  means  of  sodium,  its  use  for 
other  purposes,  besides  the  manufacture  of  expensive  fancy 
articles,  was  out  of  the  question.  But  since  the  efforts  to 
deduce  A1203  by  means  of  a  current  of  electricity  have  been 
successful,  the  price  of  the  metal  has  been  sufficiently  low  to 
allow  of  its  being  used  for  technical  purposes. 

The  principle  of  reduction  by  electrolysis  is  that  alumina 
is  ^composed  in  the  presence  of  a  melted  fluoride  by  the 
electric  current,  and  metallic  aluminium  is  liberated.  rlhe 
Process  of  manufacture,  as  conducted  by  the  Pittsbuigh  lu 
diction  Company  of  Pittsburgh,  Pa.,  is  the  invention  of 
diaries  M.  Hall,  and  consists  essentially  is  dissoh  ing  ulu 
in  a  melted  bath  composed  of  the  fluoride  of  some  metal 
ni0re  dectro-positive  than  aluminium;  passing  an  electric 

rrent  through  the  melted  mass,  and  the  production  of 
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minium  by  electrolysis  of  the  dissolved  alumina;  the  flU01, 
ides  of  sodium  and  calcium  with  the  fluoride  of  aluminium 
being  the  preferable  salts  used  in  the  melted  bath,  although 
the  fluorides  ot  aluminium  and  sodium  have  been  used 


successfully  alone,  without  the  fluoride  of  calcium,  in  some 
of  their  commercial  work.  The  fluoride  bath  material,  when 
melted,  is  almost  permanent ;  the  only  loss  being  small  me¬ 
chanical  lots  of  material  sticking  to  the  pokers  and  ladles,  and 
a  ^ei\  small  loss  Irom  volatilization,  when  the  process  is  work¬ 
ing  correctly.  fresh  fluoride  bath  material  is  more  or  less 
impure,  containing  oxides  of  silicon  and  iron,  in  the  form 
of  quartz,  sand  and  spathic  iron,  and  these  metals  are  alloyed 
with  the  first  aluminium  produced  in  the  new  bath,  as  all  of 
the  silicon  and  iron  are  reduced  before  almost  any  aluminium 
is  reduced,  and  the  first  metal  produced  contains  nearly  all 


these  impurities  from  the  melted  fluoride  salts.  The  double 
fluorides  of  aluminium  and  sodium,  as  used  by  the  Pittsburgh 
Reduction  Company,  are  found  in  the  native  mineral  cryolite) 
which  is  mined  at  Evigtut,  near  Arksut,  Greenland,  and  costs 
about  six  cents  per  pound.  The  fluoride  of  calcium  is  the 


more  common  mineral,  fluorspar,  which  is  found  in  a  reasoi 

ably  pure  state,  in  quantity,  in  Illinois,  and  costs  only  aboi 
$20  per  ton. 

In  the  process  as  carried  on  by  the  Pittsburgh  Reductio 
ompany,  these  chemicals  are  placed  upon  carbon-lined  it01 

!’!  ’  Whl0h  are  arranged  in  series  with  the  electric  current 
I  he  pure  oxide  (alumina)  dissolves  to  the  extent  of  over  3' 
per  cent  in  the  melted  fluoride  salts.  The  electric  current  ; 

passed  thrruirvP  _  1.  , 


- -.vomits.  i  ne  eiecinc  tui  iv*- 

derT'  lr°URh  the  melted  “ass  by  the  aid  of  carbon  cy 
mct.,1  T  “n0des  Which  extend  down  into  the  me 
’  C,,rbon  <*"«des  being  attached  by  copper 
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to  the  main  portion  of  the  line  conducting  the  electric  current 
from  the  positive  end  of  the  electric  generating  machinery. 
The  pot  itself,  with  its  lining  and  the  metal  deposited  upon 
the  bottom,  becomes  the  negative  electrode  or  the  cathode,  and 
the  pot  is  connected  by  copper  connections  to  the  line  extend¬ 
ing  to  the  positive  electrode  in  each  pot.  The  electric  current 
passing  through  the  melted  material  causes  the  aluminium  to 
be  deposited  by  electrolysis  as  a  melted  mass  at  the  bottom  of 
the  pot,  the  freed  oxygen  going  out  as  carbonic  oxide  or 
carbonic  acid  gas  in  connection  with  the  carbon  of  the  anode, 
wearing  it  away  in  proportion  of  a  little  less  than  an  equal 
weight  of  the  anode  to  the  aluminium  produced.  The  wear 
upon  the  walls  of  the  pot  is  very  small,  and  as  the  metal  is 
tapped  out  from  the  pots  each  day  by  heavy  cast-iron  dippers, 
replacing  the  electrolyte  on  the  top  of  each  ladleful  of  metal 


with  the  carbon  rods,  the  operation  in  this  way  is  kept  con¬ 
tinuous  for  many  months  at  a  time. 

1  he  fact  of  the  alumina  having  become  reduced  to  a  small 
amount  in  the  bath  is  indicated  by  a  rise  in  the  electrical 
resistance  of  the  melted  Huid  to  the  passage  of  the  electric 
current ;  and  thus  by  the  aid  of  some  form  of  volt-meter  to 
measure  the  electrical  resistance  of  the  current  in  its  pas.  a^ 


hrough  each  pot,  the  time  for  furnishing  a  fiesh  supp  } 
dumina  to  the  bath  is  properly  told.  rI  he  heat  is  letaine 
he  melted  bath  of  fluoride  salts  by  the  aid  of  a  1  aft 
livided  carbon,  which  is  kept  floating  upon  its  top,  on  t  le 
surface  of  which  a  fresh  supply  ot  alumina  is  usualh  '  1 
each  further  addition.  The  temperature  of  the  melted  >a  ‘ 
^  kept  constant  by  the  passage  ot  the  electi  ic  ‘  ‘ 

|lu-ough  it,  the  resistance  of  the  bath  generating  su  tK 
heat  for  this  purpose.  Currents  of  very  large  quantities 
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amperes  are  used  and  of  low  voltage  ;  only  sufficient  pressure 
being  required  to  overcome  the  electrical  resistance  of  the 
number  of  pots  arranged  in  each  series,  each  pot  requiring 
from  six  to  eight  volts  with  the  pots  now  in  use. 

( ommercial  aluminium  is  frequently  contaminated  by 
foreign  metals.  The  following  analyses  show  the  composition 
ot  various  kinds  of  commercial  aluminium  : 


I. 

II. 

III. 

IV. 

V. 

VI. 

|  VII. 

VIII. 

Aluminium  .  .  . 

Silicon  . 

Iron . 

88.35 

92.969 

96.253 

92.00 

92.5 

96.16 

94.7 

97.20 

2.87 

2.149 

0.454 

0.45 

0.7 

0.47 

3.7 

0.25 

2.40 

4.882 

3.293 

7.55 

6.8 

3.37 

1.6 

2.40 

Copper . 

Lead . 

Sodium . 

6.38 

trace 

trace 

trace 

— 

!  1  1  1  ! 

1  1  1 

A  content  of  iron  in  aluminium  is  very  injurious,  it  render¬ 
ing  the  metal  uncommonly  hard.  However,  the  varieties  of 
aluminium  prepared  by  electrolysis  are,  as  a  rule,  quite  pure, 
copper  being  the  chief  impurity  contained  in  them.  The 
greatest  value  ot  aluminium,  perhaps,  is  in  the  wonderful  al¬ 
loy  s  it  is  capable  of  producing.  They  are  exceedingly  numer¬ 
ous,  and  the  range  of  proportions  of  the  ingredients  to  produce 
useful  alloys  is  very  wide.  In  a  general  way,  aluminium  may 
Ik  said  to  improve  the  qualities  of  every7  metal  to  which  it  is 
added  in  small  quantities ;  increasing  the  strength.  The  most 
important  alloys  are  the  alloys  with  copper.  These  form  a 
siriking  series,  of  which  the  alloy  of  10  per  cent,  of  alumin¬ 
ium  and  ninety  per  cent,  of  copper  is  the  most  prominent. 
These  and  other  alloys  of  aluminium  will  be  described  later 
on,  but  it  may  be  of  interest  to  give  here  a  brief  sketch  of  tin 
production  of  aluminium  bronze. 

I  he  furnace  used  by  the  Cowles  Electric  Smelting  and  Alu- 
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minium  Company  consists  of  a  fire-brick  box,  1  foot  wide,  5 
feet  long,  and  15  inches  deep.  From  opposite  ends  enter  two 
immense  electrodes,  that  are  really  electric-light  carbons,  3 
inches  in  diameter  and  30  inches  long.  These  are  partly  con¬ 
tained  in  pipes  that,  in  turn,  pass  through  stuffing  boxes  in 
the  ends,  to  exclude  the  air,  and,  at  the  same  time,  admit  of 
adjusting  the  electrodes. 

To  protect  the  walls  of  the  furnace  from  the  intense  heat,  it 
is  lined  with  finely  powdered  charcoal,  which,  having  been 
first  washed  in  a  solution  of  lime  water,  retains  its  non-con¬ 
ductivity  even  after  the  particles  have  been  partially  con¬ 
verted  into  graphite  by  heat.  The  bottom  of  the  furnace  is 
now  lined  to  a  depth  of  2  or  3  inches  with  this  fine,  prepared 
charcoal,  and,  by  means  of  a  sheet-iron  gauge,  the  walls  ot  the 
furnace  are  covered  with  charcoal  to  the  thickness  ot  2  inches. 

The  charge,  consisting  of  about  25  lbs.  of  corundum,  12  lbs. 
of  charcoal  and  carbon,  and  50  lbs.  of  granulated  copper,  i- 
placed  about  the  electrodes  to  within  a  foot  ot  each  end  of  the 
furnace.  A  layer  of  coarsely-broken  charcoal  is  now  spiead 
over  the  charge,  and  the  sheet-iron  gauze  withdiawn. 
coarse  charcoal  on  top  allowrs  of  the  escape  ot  caibonk  oxide 

gas  formed  during  the  process. 

fhe  charge  is  now  prepared,  and  the  furnace  ieacb  | 
connected  with  a  Brush  dynamo  capable  ot  producing  nin 
horse-powTer  of  electric  energy.  In  the  circuit  betweei 
fb  Rarno  and  furnace,  is  an  ammeter,  designed  to  register  tiom 
^  to  20,000  amperes  of  current,  which  is  conti  oiled  b\  ^ 
rcsistance-box,  as  the  ends  of  the  electrodes  may  at  hi  t 
!lose  together  to  make  it  safe  to  start  the  dynamo.  By  va  c 
mg  the  ammeter  and  moving  the  electrodes,  the  resistance-  ox 
^  ^  taken  gradually  out  of  circuit,  without  producing  a 
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“short  circuit ”  at  the  beginning  of  the  operation.  In  about 
ten  minutes,  after  the  copper  about  the  electrodes  has  become 
melted,  the  latter  are  slowly  moved  apart  until  the  current  be¬ 
comes  steady.  It  is  now  increased  to  about  1,300  amperes 
and  fifty  volts.  Carbonic  oxide  begins  to  escape  from  the 
orifices  made  in  the  top,  and  burns  in  two  white  plumes  of 
flame.  By  regulating  the  distance  between  the  electrodes,  the 
current  is  kept  constant  for  about  five  hours,  and  all  parts  of 
the  charge  are  brought  into  the  reducing  zone. 

A\  hen  the  operation  is  completed,  a  resistance  is  placed  in 
the  box  and  the  current  is  switched  into  another  furnace 
charged  in  a  similar  manner.  The  product  is  an  alloy  ot 
copper  containing  fifteen  to  thirty  per  cent,  of  aluminium, 
and  having  a  beautiful  silver  color  when  broken.  1  h® 
copper  performs  no  part  in  the  reduction,  but  is  employed  to 
absorb  the  aluminium,  which  would  otherwise  be  converted 
into  a  carbide. 


This  alloy  is  now  melted  in  an  ordinary  crucible-furnace 
and  run  into  ingots,  which,  after  being  analyzed,  are  re¬ 
melted  and  sufficient  copper  added  to  produce  the  standaid 
bronzes. 

Iwo  runs  from  the  furnace  described  will  produce  about 
100  pounds,  containing  about  fifteen  per  cent,  of  aluminium- 
these  data,  it  is  estimated  that  pure  metal  can  be  p10 

ced,  in  its  alloys,  at  about  fortv  cents  per  pound,  with  a 
large  plant. 


t  IS  evident  tlmt  a  large  electrical  smelting  plant  need 

>e  restricted  to  the  production  of  aluminium  and  its  bron 

,  .  '"J10n’  s°dium,  potassium,  calcium,  magnesia 

tai,  ™Um  ai>d  titanium  can  be  reduced  by  varying  the 
tails  of  operation.  J 
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Magnesium  (Mg ;  atomic  weight  24).  This  element,  in  a 
state  of  combination,  occurs  widely  distributed,  and  is  found 
in  a  great  variety  of  minerals.  It  is  met  with  as  hydrate, 
carbonate,  chloride,  bromide,  sulphate,  phosphate,  and 
nitrate;  it  exists  in  large  numbers  of  bodies  in  combina¬ 
tion  with  silica,  as,  for  example,  in  hornblende,  augite,  talc, 
soap-stone,  asbestos,  etc.  It  is  found  in  many  mineral  waters; 
sea  water  containing  considerable  quantities  of  the  chloride 
and  sulphate. 

The  metal  was  isolated  by  Davy  in  1808,  and  is  now  pre¬ 
pared  on  a  considerable  scale,  either  by  separating  it  from  its 
chloride  with  the  assistance  of  the  electric  current,  or  from  its 


double  combinations  of  magnesium  chloride  with  calcium 
chloride,  or  of  magnesium  fluoride  with  sodium  fluoride  In 
means  of  sodium. 

Magnesium,  in  a  pure  state,  possesses  a  silvery  white  coloi 
and  acquires  a  high  lustre  by  polishing.  Its  specific  gia\it\ 
is  1.743.  Its  hardness  is  nearly  that  of  calcite.  At  tin  oidi 
nary  temperature  it  is  somewhat  brittle,  but  at  a  ied  heat 
is  malleable,  and  scarcely  more  ductile  than  zinc.  Recent 
experiments  have  shown  that  its  tensile  strength  is  high 
than  that  of  aluminium  and  brass,  and  neail}  equal 
°f  bronze  or  of  Delta  metal.  In  dry  air  it  does  not  cha 
aild  does  not  lose  its  lustre ;  in  moist  aii  it  MH>n 
coated  with  a  white  layer  of  magnesium  h)  drate  ,  but 
latter  is  vbry  coherent,  this  alteration  does  not  extend  1h\< 
tbe  surface.  Its  fusing  point  is  generally  given  at  a  >ou 
932°  F.,  but,  according  to  Victor  Meyer,  it  is  much  lug  hi. 
11  b^es  with  greater  difficulty,  than  sodium  bromide,  am  m 
ncarly  as  fusible  as  sodium  carbonate,  the  latter  me  ting  a 
U82°  F.  When  heated  to  somewhat  above  its  fusing  i’01" 
3  '  . 


34 


THE  METALLIC  ALLOYS. 


it  burns,  similar  to  zinc,  with  an  intensely  bright  white  light 
rich  in  chemically  active  rays.  The  preparation  of  magne¬ 
sium  alloys  is  connected  with  great  difficulties  on  account  of 
the  oxidability  of  the  metal.  The  alloys  may  be  obtained  bv 
melting  the  metals  together  in  a  current  of  hydrogen,  or 
under  fluxes  of  fluor  spar  and  common  salt  or  cryolite;  or. 
according  to  White,  the  other  constituent  metal  is  fused  and 


the  magnesium  quickly  immersed  by  means  of  tongs.  Ac¬ 
cording  to  Parkinson,  magnesium  furnishes  alloys  with  so¬ 
dium,  mercury,  tin,  cadmium,  bismuth,  lead,  zinc,  antimony, 
silver,  platinum,  gold,  copper  and  aluminium ;  it  alloys  also 
w  ith  copper  and  nickel  when  combined,  but  not  with  iron, 
cobalt  or  nickel.  The  color  of  the  white  metals  combined 


with  magnesium  is  not  essentially  affected,  except  when  the 
content  of  magnesium  is  very  large,  as  in  certain  alloys  with 
tin,  silver  and  lead.  All  magnesium  alloys  are  very  brittle, 

tarnish  more  or  less  in  the  air,  and  decompose  water  more  or 
less  readily. 

A\  ith  potassium  and  sodium,  magnesium  yields  malleable 
alloys  which  decompose  water  at  the  ordinary  temperature. 
Eighty  five  paits  tin  and  15  parts  magnesium  give  a  lavender- 
blue,  haul,  blittle  alloy,  which  also  decomposes  water. 

\\  ith  mu  cun  magnesium  does  not  amalgamate  at  the 
ordinary  temperature,  but  by  shaking  magnesium  with  in* 
in  dilute  sulphuric  acid,  amalgamation  takes  plaC° 
(Hartley  and  Phipson,  and  J.  Parkinson).  By  heating 
nesmm  with  mercury  to  nearly  the  boiling  point  of  the  latter, 
b  ution  also  takes  place  under  violent  reaction.  Such 
ama  gam,  containing  1  part  magnesium  and  200  part' 

*rryn°n  eXP°SUre  t0  the  becomes  immediately  d«H 
‘""0  »  up;  it  decomposes  water  as  vigorously  as  sodium 
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amalgam  (\\  anklyn  and  ( ’hapman).  Magnesium  also  com¬ 
bines  with  lead  and  zinc,  alloys  with  5  to  20  per  cent,  being 
suitable  for  fireworks,  and  may,  for  instance,  in  the  form  of 
powder,  be  added  to  rocket  charges.  With  thallium,  mag¬ 
nesium  combines  in  all  proportions,  alloys  with  5  to  25  per 
cent,  thallium,  burning  with  a  steady  and  bright  flame, 
whereby  the  intense  magnesium  light  suppresses  the  green 
color  of  the  thallium,  which  is  only  slightly  noticeable  even 
with  50  per  cent,  thallium. 

According  to  Holtz,  expectations  regarding  the  technical 
availability  of  magnesium  alloys  have  not  been  fulfilled. 
Iron,  steel,  copper,  brass  and  bronze  are  not  rendered  mal¬ 
leable  and  softer  by  an  addition  of  manganese,  but  brittle. 

d.  Heavy  metals. — To  this  group  belong  the  metals  of  the 
most  importance  to  the  industries.  They  are  divided  accord- 
lng  to  their  chemical  behavior  into  several  sub-divisions, 
named  after  the  most  common  metal  occurring  in  them.  We 
8peak,  therefore,  of  a  zinc  group,  an  iron  group,  a  silver 
group,  etc.,  and  this  division  will  here  be  retained,  it  being 
'er'7  suitable  to  make  clear  the  connection  existing  between 

certain  minerals. 


1.  Iron  Group. 

1  lion,  Manganese,  Cobalt,  Nickel,  Chromium,  Uranium.) 
Among  the  metals  belonging  to  this  group,  iron  is  most 
distributed  and  most  frequently  used.  It  forms,  how  - 
^er,  but  a  small  number  of  alloys  available  in  the  industries, 
‘ill  1*^e^ss’  on  close  examination  it  will  be  found  that  mail) 
c°utain  a  small  quantity  of  iron,  which,  however,  has 
of  een  added  intentionally,  but  is  simply  a  contamination 
uietals  constituting  the  alloy.  But,  as  we  shall  see 


36 


THE  METALLIC  ALLOYS. 


later  on,  a  very  small  quantity  of  a  metal  frequently  suffices 
to  exert  considerable  influence  upon  the  physical  properties 
of  an  alloy. 

Iron  (Fe.,  atomic  weight  56).  Native  iron  is  of  exceedingly 
rare  occurrence,  but  it  enters  into  the  composition  of  those 
curious  stones  which  have  fallen  to  the  earth  from  space,  and 
are  known  as  meteorites.  All  iron  prepared  on  a  commercial 
scale  contains  carbon,  the  purest  being  wrought  iron  with 
about  0.15  per  cent,  carbon,  then  steel  with  from  0.15  to  1.5 
per  cent.,  and  cast-iron  with  upwards  of  1.5  percent.  In  a 
general  way  it  may  be  said  that  the  properties  of  the  various 
grades  of  iron  depend  upon  the  varying  proportions  of  carbon 
present,  and  hence,  in  this  sense,  iron  may  be  considered  an 
alloy  with  carbon.  Silicon  and  manganese  also  are  sometimes 
present,  not  as  incidental,  but  as  intentional  constituents. 
The  preparation  of  such  varieties  of  iron,  however,  belongs 
more  particularly  to  the  metallurgy  of  iron  proper. 

Chemically  pure  iron  may  be  obtained  by  reducing  peroxide 
of  iron  by  hydrogen  at  a  red  heat,  or  by  remelting  the  purest 
varieties  of  malleable  iron  with  an  oxidizing  flux  in  order  to 
remove  the  last  traces  of  combined  carbon.  The  physical 
properties  of  the  metal  vary  very  considerably  according  t" 
the  means  adopted  for  its  production.  When  obtained  b.' 
reducing  peroxide  of  iron  by  hydrogen  at  the  lowest  possible 
temperature  at  which  the  change  can  be  effected  (according  1 
Magnus  between  600°  and  700°  F.)  it  forms  a  dark-gr«.v 
pow  der,  which  combines  energetically  with  oxygen,  takn’r 
fire  spontaneously  when  slightly  heated  and  thrown  into  d'1 
aii.  \\  hen,  however,  the  reduction  takes  place  at  a  high1 
temperature,  the  metallic  powder  agglutinates  to  a  sponge0’ 
filamentous  texture,  a  silvery-gray  color,  and  metallic  lu'(1 
which  is  no  longer  pyrophoric. 
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Larger  and  more  compact  masses  may  be  obtained  by 
removing  the  last  traces  of  carbon  and  other  foreign  sub¬ 
stances  from  the  purest  commercial  wrought  iron  in  the  fol¬ 
lowing  manner  :  A  small  quantity  of  good  wrought  iron,  such 
as  piano-forte  wire  or  Russian  black  plate,  cut  up  into  small 
pieces,  and  either  rusted  by  exposure  to  steam  or  mixed  with 
about  20  per  cent,  of  pure  peroxide  of  iron,  is  to  be  melted 
under  glass  free  from  metallic  oxides,  in  a  refractory  cruci¬ 
ble,  at  a  strong  white  heat,  the  operation  requiring  about 
an  hour’s  full  heat  of  a  good  wind  furnace.  The  small 
quantity  of  carbon  present  in  the  metal  is  expended  in  reduc¬ 
ing  a  portion  of  the  sesquioxide,  the  remainder  passing  into 
the  slag.  The  result  is  a  brilliant  well-melted  button  of  metal, 
which  exhibits  a  decidedly  crystalline  structure,  similar  to 
that  observed  in  meteorites  when  treated  with  an  etching 
liquor,  and  is  somewhat  softer,  but  less  tenacious  than  the 
iron  originally  employed.  This  last  method  of  producing 
pure  iron  is  recommended  for  experimenting  in  the  prepara¬ 
tion  of  allovs  with  iron,  though,  if  too  troublesome,  the  best 
quality  of  piano-forte  wire  will  answer  the  purpose. 

Iron  oxidizes  very  readily  ;  in  a  damp  atmosphere  the  rust 
lias  a  very  destructive  action,  and  necessitates  the  emplo\  nu  nt 
"1  varnishes  and  other  preservative  coatings.  In  the  melted 
state  or  at  a  red  heat,  iron  in  contact  with  the  air  oxidizes 
rapidly,  and  acids  attack  and  dissolve  it  with  ease. 

bon  alloys  with  great  ease  and  in  all  proportions  vith 
Manganese,  chromium,  tungsten,  molybdenum,  nickel,  cobalt, 
*°ld,  platinum,  aluminium,  antimony,  arsenic  ;  not  quite 
eadil\  with  copper,  though  smaller  quantities  of  the  latte 
Ver-V  readily  absorbed  by  iron,  and  smaller  quantities  of 
'r°n  by  copper.  With  bismuth,  tin  and  zinc,  iron  alloys  to  a 
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later  on,  a  very  small  quantity  of  a  metal  frequently  suffice 
to  exert  considerable  influence  upon  the  physical  properties 
of  an  alloy. 

t / 

Iron  (Fe.,  atomic  weight  56).  Native  iron  is  of  exceedingly 
rare  occurrence,  but  it  enters  into  the  composition  of  those 
curious  stones  which  have  fallen  to  the  earth  from  space,  and 
are  known  as  meteorites.  All  iron  prepared  on  a  commercial 
scale  contains  carbon,  the  purest  being  wrought  iron  with 
about  0.15  per  cent,  carbon,  then  steel  with  from  0.15  to  1.5 
per  cent.,  and  cast-iron  with  upwards  of  1.5  percent.  In  a 
general  way  it  may  be  said  that  the  properties  of  the  various 
grades  of  iron  depend  upon  the  varying  proportions  of  carbon 
present,  and  hence,  in  this  sense,  iron  may  be  considered  an 
alloy  with  carbon.  Silicon  and  manganese  also  are  sometimes 
present,  not  as  incidental,  but  as  intentional  constituents. 
The  preparation  of  such  varieties  of  iron,  however,  belongs 
more  particularly  to  the  metallurgy  of  iron  proper. 

Chemically  pure  iron  may  be  obtained  by  reducing  peroxide 
of  iron  by  hydrogen  at  a  red  heat,  or  by  remelting  the  puiest 
vaiieties  of  malleable  iron  with  an  oxidizing  flux  in  ordei  b 
remove  the  last  traces  of  combined  carbon.  The  physic^ 
properties  of  the  metal  vary  very  considerably  according 
the  means  adopted  for  its  production.  When  obtained  b' 
reducing  peroxide  of  iron  by  hydrogen  at  the  lowest  possible 
temperature  at  whieh  the  change  can  be  effected  (according  tl 
Magnus  between  600°  and  700°  F.)  it  forms  a  dark-g^' 
powder,  which  combines  energetically  with  oxygen, 
fire  spontaneously  when  slightly  heated  and  thrown  into  *]l1' 
aii.  \\  hen,  however,  the  reduction  takes  place  at  a  higlu 
tempeiatuie,  the  metallic  powrder  agglutinates  to  a  spoiV 
filamentous  texture,  a  silvery-gray  color,  and  metallic  l^*11 
w  hich  is  no  longer  pyrophoric. 
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Larger  and  more  compact  masses  may  be  obtained  by 
removing  the  last  traces  of  carbon  and  other  foreign  sub¬ 
stances  from  the  purest  commercial  wrought  iron  in  the  fol¬ 
lowing  manner :  A  small  quantity  of  good  wrought  iron,  such 
as  piano-forte  wire  or  Russian  black  plate,  cut  up  into  small 
pieces,  and  either  rusted  by  exposure  to  steam  or  mixed  with 
about  20  per  cent,  of  pure  peroxide  of  iron,  is  to  be  melted 
under  glass  free  from  metallic  oxides,  in  a  refractory  cruci¬ 
ble,  at  a  strong  white  heat,  the  operation  requiring  about 
an  hour’s  full  heat  of  a  good  wind  furnace.  The  small 
quantity  of  carbon  present  in  the  metal  is  expended  in  reduc¬ 
ing  a  portion  of  the  sesquioxide,  the  remainder  passing  into 
the  slag.  The  result  is  a  brilliant  well-melted  button  ot  metal, 
which  exhibits  a  decidedly  crystalline  structure,  similar  to 
that  observed  in  meteorites  when  treated  with  an  etching 


liquor,  and  is  somewhat  softer,  but  less  tenacious  than  the 
iron  originally  employed.  This  last  method  of  producing 
pure  iron  is  recommended  for  experimenting  in  the  picpaia- 
tion  of  alloys  with  iron,  though,  if  too  troublesome,  the  best 
quality  of  piano-forte  wire  will  answer  the  purpose. 

Iron  oxidizes  very  readily;  in  a  damp  atmospheie  tin  mst 
lias  a  very  destructive  action,  and  necessitates  the  employment. 
°i  varnishes  and  other  preservative  coatings.  In  tlic  m<  lt<d 
stute  or  at  a  red  heat,  iron  in  contact  with  the1  an  oxidize 
rapidly,  and  acids  attack  and  dissolve  it.  with  ease. 


Ir<*  alloys  with  great  ease  and  in  all  proportions  with 
Manganese,  chromium,  tungsten,  molybdenum,  nuked, 

>01(1>  platinum,  aluminium,  antimony,  arsenic ,  not  qui 
cadily  with  copper,  though  smaller  quantities  ot  tin 
lr<  very  readily  absorbed  by  iron,  and  sniallei  quant  itic 
lr°n  lj*v  copper.  With  bismuth,  tin  and  zinc,  iron  alloys  to  <> 
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limited  extent  only,  and  not  at  all  with  lead,  silver  an,] 
mercury. 

Iron  alloys  are  of  no  technical  importance,  except  the  com- 
binations  of  iron  with  nickel,"  tungsten,  chromium  and  man¬ 
ganese,  which  play  a  role  in  working  crude  iron  and  especially 
in  the  preparation  of  steel ;  further  combinations  with  tin  and 
zinc,  which  have  to  be  considered  in  tinning  and  galvanizing 
on  ;  and  finally  in  the  preparation  of  ferriferous  brass  (Delta 
ictal)  and  of  iron,  containing  aluminium  (mitis  castings). 
Manganese  (Mn ;  atomic  weight  55)  is  so  intimately  associ¬ 
ated  with  iron  that  it  is  rare  to  find  an  ore  of  it  that  does  not 
contain  the  other  in  greater  or  less  proportion.  There  are 
man)  compounds  of  manganese,  one  of  the  most  commonly 
( mining  being  the  black  oxide  Mn02,  the  mineralogical  name 
of  which  is  pyrolusite.  Manganese  having  an  extraordinarily 
^  ffinit)  foi  oxygen  is  never  found  in  nature  in  a  metallic 
Although  actual  manganese  ores  in  larger  quantities 
j.  .,  CCU1  *n  many  localities,,  the  element  is  very  widely 
’  ^  accompanying  nearly  everywhere  iron  in  ores 

plants'  ^  11  18  f°Und  “  eVery  soil>  antI  passes  from  !t  int0 
mentsi  t  al>‘ma!  substa£>ccs  (blood,  urine,  liver,  exert- 

. . 

»  “ay  be  St  ^  eXtracted>  “  1774>  by  ^ 
bonate  Mnf'O  ,  -+i  1  C  lu  lll8  the  dioxide  Mn02  or  the  cai 

ture.  The  fused  mass  °’  S<>0t  &t  a  very  high tcmp61* 

(as  in  cast-iron)  is  fre’  *  1  18  combined  with  a  little  carbon 

manganese  carbonate  ^'°ni  'fs  carbon  by  reheating 
grayish-white  color  »,  ‘llUS  obtained  the  metal  bas  9 
harder  than  wroual,,'-'  “  ^“med  structure:  It  is  i»uf|1 

1  Very  brittle,  and  feebly  attracted  by 
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the  magnet.  It  rapidly  oxidizes  when  exposed  to  air.  Its 
specific  gravity  is  8.013.  It  fuses  only  at  the  highest  temper¬ 
ature  of  a  blast  furnace,  and  is  rapidly  attacked  by  dilute 
mineral  acids,  with  evolution  of  hydrogen. 

Manganese  readily  unites  to  alloys  with  many  metals.  The 
most  important  of  these  alloys  for  technical  purposes  are 
ferro-manganese,  ferro-silicon  manganese  and  cupro-manga- 
nese,  the  latter,  amongst  others,  being  used  for  the  prepara¬ 
tion  of  manganese  bronze,  manganese  German  silver  and 
manganese  brass. 

Cobalt  (Co ;  atomic  weight  59).  Compounds  of  cobalt  ap¬ 
pear  to  have  been  known  to  the  ancients  and  used  b\  them 
in  coloring  glass.  The  metal  itself  was  first  isolated  b\  Brand 
in  1733.  Metallic  cobalt  is  occasionally  found  in  meteoric 
iron,  associated  with  nickel  and  phosphorus.  Its  principal 
naturally  occurring  compounds  are  the  arsenide,  smaltine,  or 
tin-white  cobalt;  cobalt  bloom  or.  erylhrine ,  and  cobalt  glance.. 
fhe  pure  metal  is  unalterable  in  air,  even  when  moist,  of 
red-white  color,  very  difficult  to  fuse,  highlv  malleable 
ductile,  and  capable  of  taking  a  polish  ;  its  specific  gra's 
about  8.9.  It  is  slightly  magnetic,  and  preserves  this  Prop¬ 
erty  even  when  alloyed  with  mercury.  It  bears  m  many  re¬ 
spects  a  close  resemblance  to  nickel,  and  is  often  < 
with  the  latter  in  nature.  It  is  not  used  b\  itself,  ^ 

very  seldom  as  an  intentional  addition  to  alloy-  P 
toxide  is  used  in  the  color  industry,  the  colors  prepare 
it  being  much  employed  in  painting  gla^s  and  P  * 
f  obalt  alloys  more  readily  with  copper  than  ^  ^ntr 
gives  alloys  which  melt  at  a  temperature  near  t  ie  us  * 
Point  of  copper,  are  ductile,  and  by  repeated  heating  can 
forked  under  the  hammer.  According  to  Wiggn*,  c0 
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bronze  possesses  all  the  properties  of  the  pure  metal  without 
its  high  price.  According  to  Guillemin,  alloys  of  copper  with 
1  to  5  per  cent,  cobalt  are  redgyery  ductile  and  tenacious, 
and  possess  a  tensile  strength  of  y&S  lbs.  per  0.001  square  inch. 
Knoop  uses  an  alloy  of  lOO'pSTts  iron 
pressed  glass  moulds. 

Nickel  (Ni;  atomic  weight  58).  This 
in  1751  by  Cronstedt,  in  the  arsenide  NiAs,  a  copper-colored 
mineral  termed  Kupfer  nickel  (i.  e.,  false  copper)  by  the  Ger¬ 
man  miners.  This  compound,  together  with  the  impure 
arsenide  termed  “  speiss  ”  formed  at  the  bottom  of  the  melting 
pots  in  the  manufacture  of  “  smalt,”  constitute  the  principal 
sources  ol  nickel  in  Europe.  Nickel  ores  are  found  in  France, 


and  5  td,40.  cobalt  for 
metal  was  discovered 


Sweden,  Cornwall,  Spain,  Germany,  New  Caledonia,  Canada, 
and  in  some  localities  in  the  United  States,  the  largest  and 
most  extensive  deposits  being  those  of  New  Caledonia  and  at 
Sudbury,  Canada.  The  preparation  of  metallic  nickel  is  con¬ 
nected  with  many  difficulties.  It  is  generally  found  in  com¬ 
merce  in  the  form  of  small  cubes  of  a  dull  gray  appearance, 
dting  the;-e  cubes  at  a  very  high  temperature,  the  metal 
ne<^  as  a  sih  er-white  mass  of  considerable  hardness, 
w  nch  takes  a  fine  polish  and  is  unalterable  in  dry  air.  It  * 
Mg  ty  magnetic  at  ordinary  temperatures,  but  temporarily 

,rCS  ‘  is  property  011  h«ating.  Its  specific  gravity  is  greater 
>an  hat  of  n-en,  being  8.3  to  8.9,  and  with  about  an  equal 

oxt  i  l  ”  1688  SUbjert  *«  “Nation  and  corrosion.  * 
little  and  ”  C’  ""I*  'lefaces  tlle  polished  metal  comparative1.' 
to  ed  hi  !  0aSlly,  remwei  Nickel  can  he  either  ca,  or 

©ability  of  niekei  allows  of  its  being  chased,  &  ilU 
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silver  and  gold,  and  with  the  result  of  greater  lustre,  while  the 
qualities  of  brilliancy,  hardness,  and  durability,  whether  used 
solidly  or  in  electro-plating,  make  it  very  suitable  for  table- 


service. 

Dr.  Fleitnninn,  of  Iserlohn,  has  devised  a  simple  and  suc¬ 
cessful  process  of  refining  and  toughening  nickel,  which  is  now 
very  largely  used.  It  produces  a  homogeneous  metal,  from 
which  castings  may  be  made  with  much  less  liability  to  the 
presence  of  blow-holes  than  with  other  methods.  Fleitmann’s 
procedure  consists  in  adding  to  the  melted  charge  in  the  pot, 
when  ready  to  pour,  a  very  small  quantity  of  magnesium. 
The  magnesium  is  added,  in  very  small  portions  at  a  time, 
and  stirred  into  the  charge.  About  one  ounu  of  magne  ’ 
is  found  to  be  sufficient  for  purifying  60  lbs.  ot  nickel. 
theory  of  the  operation  is  that  the  magnesium  reduce 
eluded  carbonic  oxide,  uniting  with  its  oxvgen  to  foirn  S 
nesia,  while  carbon  is  separated  in*  the  foim  ot  graphit 
nickel  refined  by  this  method  is  said  to  become  remarkab  y 
tough  and  malleable,  and  may  be  rolled  into  sheets  an  ™wn 
into  wire.  Cast  plates  (intended  for  anodes  m  me  'c  pa 
after  reheating,  can  be  readily  rolled  down  tc  ' 

thickness,  which  greatly  improves  them  for  plating  pufP^- 
as  they  dissolve  with  greater  uniformity  in  j  ,  nancr 
Nickel  so  heated  may  be  rolled  into  sheets  a*  ‘  ^  g 
and  has  been  successfully  welded  upon  non  a  liangane«e, 
Mick  el  alloys  completely  with  copper,  1^D’  incom- 
dne,  tin,  silver  and  cobalt,  probably  aFo"1  #  .illovs 
Dlotely,  or  not  all,  with  lead.  Some  o  ^  renqer  them 
possess  properties  which,  for  certain  PU1P  "  enton,  Ger- 
almost  indispensable.  The  alloys  known  pre- 

man  silver,  China  silver,  similor,  argent  Kuo  z>  c 
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pared  with  the  assistance  of  nickel.  It  is  also  occasionally 
employed  for  coinage,  nickel  coinage  having  been  commenced 
about  1850,  by  Switzerland,  and  in  the  United  States  in  1857. 
The  subject  of  nickel  and  steel  alloy  was  first  called  attention 


to  by  Mr.  James  Riley,  of  Glasgow,  in  a  paper  read  by  him 


before  the  British  Iron  and  Steel  Institute,  at  their  meeting  in 
May,  1889.  Quite  recently  the  subject  lias  acquired  much 
greater  notoriety,  owing  to  the  results  of  armor-plate  tests 
made  by  the  United  States  government.  Plates  of  all  descrip¬ 
tions,  with  and  without  nickel,  were  exhaustively  experi¬ 
mented  with.  High  and  low  carbon  steels  were  shot  at; 
plates  just  as  they  were  rolled  or  forged,  and  others  which  had 
been  surface-hardened  (Harveyized)  were  again  and  again 
subjected  to  the  fire  of  the  most  formidable  modern  ord¬ 


nance  made,  rifles  as  high  as  12-inch  calibre  being  used — the 
results  having  demonstrated  beyond  all  doubt  the  superiority 
of  nickel-steel  for  armor  purposes.  The  tough,  tenacious 
material  flows  under  the  impact  of  the  shot,  and  in  the  case 
of  the  Har \  eyized  ’  plates,  the  extreme  hardness  of  the 
exterior  surface,  reinforced  by  the  tough,  untreated  steel  be¬ 
hind,  shatteis  the  forged  steel  Holtzer  projectiles,  which  hau 
hitherto  proved  irresistible. 


Chromium  (Cr ;  atomic  weight  52.2).  The  principal 
u rally-occurring  compound  of  this  element  is  chroine-i 
stone.  It  is  isomorphous  with  magnetic  oxide  of  iron ;  it 
a  rowmsh-black  color  and  sub-metallic  lustre.  The  meta 
<>  >tamed  by  strong  ignition  of  the  sesquioxide  with  chare 

?X  leatlng  chromic  chloride  with  zinc  or  potassium- 
vas  a  steel-gray  color,  and  is  exceeding*  hard.  Its  spec 
gravity  is  6.81.  *  ’ 


Many  metals  are  hardened 


even  bv  the  addition  0 


->f  ver)’ 
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small  quantities  of  chromium.  According  to  the  investiga¬ 
tions  of  Berth ier,  Fremy,  Smith  and  others,  iron  and  chro¬ 
mium  unite  in  all  proportions  by  strongly  heating  the  mixed 
oxides  of  iron  and  chromium  in  brasqued  crucibles,  adding- 
powdered  charcoal  if  the  oxide  of  chromium  is  in  excess,  and 
fluxes  to  scorify  the  earthy  matter  and  prevent  oxidation. 
According  to  Howe,*  this  is  substantially  the  same  method 
for  preparing  ferro-chrome  as  employed  at  Brooklyn,  New 
York,  and  at  Unieux  Works  in  France,  where  chrome  steel 
has  been  produced  in  large  quantities  for  a  number  of  years. 
According  to  the  method  of  (Juetat  and  Chavanne,t  a  neutral 
solution  of  potassium  calcium  chromate  or  sodium  calcium 
chromate  is  mixed  with  an  equivalent  quantity  of  ferrous 
chloride,  the  precipitate  of  ferric  chromate  washed,  roasted, 
mixed  with  a  sufficient  quantity  of  coal  dust,  and  heated  to 
a  white  heat  in  well-luted  graphite  crucibles  in  which  the 
ferro-chrome  melts  together  to  a  regulus. 

The  ferro-chrome  from  Kapfenberg  in  Styria  contains,  ac¬ 
cording  to  Schneider,  44.5  per  cent,  chromium  and  48.-  pm 
ccnt.  iron, besides  fixed  carbon.  From  this  and  similai  allo\» 
the  excess  of  iron  may  be  extracted  with  dilute  h\diochloiic 
a(  id  or  with  chloride  of  copper,  whereby  aciculai  cnstah 
the  composition  Fe4C.Crl2G4  remain  behind. 

ferro-chrome  is  almost  tin-white,  very  hard  and  la  iff  h. 
and  non-magnetic.  Its  specific  gravity  is  5.97. 

( 'From e-steel  is  easily  made  from  ferro-chrome  bv  snnp  > 
siting  it  with  wrought  iron  or  steel  in  graphite  c  tin  i 

(U ;  atomic  weight  240).  The  most  abundant 
S°Urce  ^  this  element  is  pitchblende,  found  principally  m 

t  Metallurgy  of  Steel,  p.  75. 

ntaberlohte  dor  chem.  Technol.,  1883,  p.  2^* 
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Saxony  and  Cornwall.  The  metal  is  obtained  by  heating 
uranous  chloride  with  sodium  or  potassium  as  a  black  pow¬ 
der,  or  as  a  reguline  mass.  In  a  metallic  state  uranium 
finds  no  application  whatever ;  it  is  used  in  the  manufacture 
of  the  peculiarly  fluorescent  uranium  glass. 

Among  the  metals  belonging  to  the  iron  group,  nickel  is 
the  most  important  for  our  purposes*,  on  account  of  the 
numerous  alloys  which  can  be  prepared  with  its  assistance. 
Among  the  other  metals  iron  is  of  some  importance,  small 
quantities  of  it,  as  previously  mentioned,  being  frequently 
met  with  as  accidental  impurities  in  many  alloys. 


(Zinc,  Cadmium,  Indium,  Gallium). 

is  til*  (+•  '  atom^c  weight  65).  The  most  valuable  zinc  or 
sulphide  carbonate  or  calamine,  which,  together  with  tb 

States,  the  best  be^  °rS-°CCUr  abundantlv  in  the  rnlte' 

and  Virginia  and  i  ^  °  ta^llod  *n  New  Jersey,  Pennsylvania 
V  irginia  and  the  Middl^i^  dep°sits  running  through  lb's 
and  Kansas,  and  nortl^  across  to  Illinois,  Missouri 

are  mined  in  Missouri  Wisconsin.  Large  quantity 

Lurope.  Zinc  in*^e  ^  other  parts  of  the  country,  and  h 
ancients,  although  the  S*a^e  Was  not  familiar  to  th 

manufacture  0f  brass'  accustomed  to  use  its  ores  in  th* 
akes  mention  of  motnir  6  Chemist  Paracelsus,  in  1°^ 
J(‘  Ins  time,  and  ^  ^  but  U  was  doubtless  kno^r 

b,  .in— 

Cf *«-  * 

or  ‘went,,  v„.  72°.  >n  Germany,  and  in  E«g 

later-  It  lias  been  regula* 
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manufactured  in  the  United  States  since  about  1850,  first  in 
New  Jersey  and  later  on  in  a  number  of  other  localities. 

Metallic  zinc  is  a  bluish-white  metal  known  to  the  trade  as 
“spelter.’’  Its  properties  are  rather  peculiar,  and,  as  it  plays 
an  important  part  in  the  manufacture  of  alloys,  will  have  to 
be  more  closely  considered.  Zinc  is  hard  and  brittle,  and, 
when  fractured,  exhibits  a  highly  crystalline  structure.  It 
experiences  very  little  alteration  in  the  air,  it  becoming  very 
slowly  coated  with  a  permanent  and  impenetrable  coating — a 
basic  carbonate — which  renders  it  very  valuable  tor  sheathing 
and  for  work  exposed  to  the  weather.  Zinc  can  be  cast,  and 
makes  good  architectural  ornaments.  The  castings  made  at 
a  high  temperature  are  brittle  and  crystalline ;  when  cast  at 
near  the  melting-point  they  are  comparatively  malleable. 
Zinc  is  hardened  by  working,  and  must  be  occasional!} 


annealed. 

Zinc  at  an  ordinary  temperature  shows  a  considerable  de¬ 
gree  of  brittleness,  and  if  a  piece  ot  sheet-zinc  be  se\  eial  times 
bent  backward  and  forward  it  soon  breaks.  By  heating  the 
zinc,  however,  to  between  230°  and  302  I .,  it  acquiies 
considerable  degree  of  ductility,  and  can  be  idled  out 
thin  sheets.  At  a  still  higher  temperature  it  again  become, 
brittle,  and,  when  heated  to  392°  F.,  can  readily  be  reduced 
1°  a  powder.  Its  density  varies  between  ti.9  and  ^ 

latter  being  that  of  the  rolled  metal,  /Auc  melts 

By  heating  the  fused  metal  but  a  little  abo\e  its  meI  ^ 
Point  with  the  admission  of  air,  it  ignites,  and  burns  w  it  i  a 

bright,  white  flame  to  a  very  spongy,  Purc>  whlte  I)0"  ,’ 

Arming  the  oxide  known  under  the  name  of  zinc  v 
and  ^ployed  as  a  pigment.  It  is  chiefly  valued  toi  its  pci 
manency,  as  it.  in  not  blackened  by  exposure  to  snip  nm 
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hydrogen  like  white  lead.  At  a  white  heat  zinc  boils,  and 
can  be  distilled. 


Zinc  alloys  in  all  proportions  with  copper,  tin,  gold,  silver 
nickel  and  antimony,  and  to  a  very  limited  extent,  with  iron 
1" rom  zinc  melted  in  an  iron  vessel,  a  more  refractory,  coarse-' 
crystalline  iron-zinc  alloy  with  about  three  per  cent,  iron  sepa¬ 
rates  out.  In  acicular  crystals  detatched  from  a  piece  of  dis¬ 
tilled  zinc,  Erdmann  found  93.2  per  cent,  zinc,  6.5  per  cent, 
iron  and  0.3  per  cent.  lead.  With  bismuth  zinc  alloys  scarcely 
at  all ;  according  to  the  experiments  by  Matthiesen  zinc  dis- 
M»hes  at  the  utmost  2.4  per  cent,  bismuth,  and  bismuth  at  the 
utmost  14.3  pei  cent.  zinc.  \\  ith  lead  zinc  unites  to  a  very 
limited  extent,  zinc  dissolving  at  the  utmost  1.6  per  cent,  of 
lead,  and  lead  at  the  utmost  1.6  per  cent  of  zinc. 

Cadmium  (Cd,  atomic  weight  112),  occurs  in  nature  in  a  few 
minerals,  foi  instance,  combined  with  sulphur  in  greenockite. 
ompounds  of  this  metal  frequently  occur,  associated  with 


oi es ,  as  cadmium  is  more  volatile  than  zinc,  it  is  mainb 

in  the  hist  portion  of  the  distilled  metal  when  the  ore 

educed  by  carbon.  Cadmium  was  discovered  by  Strok 
meier  in  1818. 

metallic  cadmium  is  obtained  by  precipitating  from  ;l 
so  ution  of  zinc  containing  cadmium  in  sulphuric  or  hydro- 

°  1  T iaCld’ the  cadmiuni  by  pure  zinc,  or  by  dissolving  com¬ 
mercial  cadmium  in  sulphuric  or  hydrochloric  acid,  precipi¬ 
tating  cadmium  sulphide  by  sulphuretted  hydrogen,  dissolv¬ 
ing  •  Vi 10r<>Ughly  washed  cadmium  sulphide  in  concentrated 
an  !  °nC  Precipitating  the  solution  with  excess  of 

mium “IT  "“I  and  ^niting  the  washed  and  dried  cad- 

retort  in  0°r.  C  Wl!h  ™  pulverized  coal  in  a  glass  or  porcel^ 
<<>  <  istil  over  cadmium.  Reduction  may  »ls° 
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be  effected  with  hydrogen.  Dissolve  commercial,  zinkiferous 
cadmium  in  hydrochloric  acid,  so  that  a  small  quantity  of  the 
metal  remains  undissolved,  filter  the  dilute  solution,  add 
ammonia  in  excess,  filter  again,  and  add  potash  solution  as 
long  as  turbidity  results.  Wash  the  prepititate  of  cadmium 
oxyhydrate,  dry,  dehydrate  it  completely  by  continued  beating 
in  a  covered  crucible  at  572°F.,  and  convert  into  brown  cad¬ 
mium  oxide,  which  is  reduced. 


Cadmium  is  a  silver-white  crystalline  metal  and  possesses 
the  same  property  as  tin,  of  giving  out  a  crackling  sound  when 
bent.  It  is  so  soft  that  it  somewhat  discolors,  but  a  small 
content  of  zinc  makes  it  brittle.  On  account  of  its  ductility  it 
can  be  readily  rolled  or  beaten  into  sheet  and  very  thin  foil, 
the  latter  being  more  coherent  than  tin  foil  and  having,  simi¬ 
lar  to  lead  foil,  a  dull  sound.  By  rolling,  cadmium  does  not 
completely  lose  its  crystalline  structure.  Its  specific  gravity  is 
8A  it  melts  at  608°F.,  and  boils  at  1580°F.  It  is  readily  dis¬ 
solved  by  mineral  acids ;  contact  with  platinum  preserves  it 
honi  the  action  of  strong  nitric  acid. 

^  ith  gold,  platnium,  copper  and  partially  with  mercury, 
cadmium  yields  brittle  alloys ;  but  with  lead,  tin,  and  in  cer- 
tain  Proportions  with  silver  and  mercury,  very  ductile  combi¬ 
nations,  for  instance,  1  and  2  parts  of  silver  with  1  cadmium, 
While  an  alloy  of  2  parts  cadmium  and  1  silver  is  brittle, 
admium  1  part  and  mercury  1,  gives  a  very  plastic,  malh 
dljle  amalgam,  while  that  obtained  from  cadmium  1  part  and 
*ercury  2  is  just  malleable  and  not  so  tough.  According  to 
(  ^°Uza,  cadmium  amalgam  retains  mercury  at  880  1  •>  hut 
T  l0nger  at  824°F.  Alloys  of  cadmium  with  bismuth  and 
(1°ad.are  readily  fusible,  and  those  of  tin  and  cadmium  ven 
he.  By  combining  cadmium  with  tin,  bismuth,  lead 
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certain  proportions,  alloys  are  formed  which  on  account  01 
their  low  fusing  point,  find  many  technical  applications. 

Indium.  (In  ;  atomic  weight  113.4).  This  rare  metal  was 
discovered,  in  1863,  by  Reich  and  Richter  in  the  zinc  blende 
of  Freiberg,  and  has  since  been  found  in  a  few  other  zinc  ores, 
and  in  the  flue  dust  of  zinc  furnaces.  It  occurs  associated 
with  zinc  in  blende  to  the  extent  of  0.006  to  0.1  per  cent,  and 
is  best  obtained  from  the  crude  metal  or  “  spelter.”  It  is  a 


silver-white,  soft,  ductile  metal,  of  specific  gravity  7.4.  It 
melts  at  348. 8°F.,  and  oxidizes  at  a  high  temperature.  It  is 
less  volatile  than  cadmium  or  zinc.  When  heated  to  redness 
in  the  air,  it  burns  with  a  violet  flame,  and  is  converted  into 
the  yellow  sesquioxide.  Heated  in  chlorine  it  burns  with  a 
yellow-green  light,  and  forms  a  chloride  which  sublimes  with- 
out  fusion  in  soft  white  laminae  at  an  incipient  red  heat. 

Gallium  (Ga  ;  atomic  weight  69.9).  This  metal  was  discov¬ 
ered  in  18/5,  by  Lecoq  de  Boisbaudran  in  a  zinc  blende  from 
the  mine  of  Pierrefitte,  in  the  valley  of  Argeles,  Pyrenees,  and 
has  likewise  been  found,  though  always  in  very  small  quantity, 
m  blendes  from  other  localities.  Gallium  has  a  bluish  g».v* 


white  color,  but  in  a  fused  state  appears  silver-white  am 
shows  a  stronger  lustre  than  mercury.  It  melts  at  86. 2°K 
so  that  it  liquefies  when  pressed  between  the  fingers.  In 
a  portion  of  the  metal  remains  solid  and  the  fused  portion  h 
nought  m  contact  with  it,  the  latter  slowly  solidifies  at  86°* 
owever,  gallium  in  a  perfect  state  of  fusion  exhibits,40  11 
consi  erable  extent,  the  phenomenon  of  over-fusion;  ]t  u 
s  iqmd  toi  months  at  the  ordinary  temperature,  and  ll 
I--  6Ven  ^  32°F'  14  not  become  solid  by  n** 

slowlv  r  1°  platlnum  'vir<3  or  a  steel  needle,  but  sol'*"'' 
^  ",len  bTOU8ht  -"tact  with  the  smallest  piece  of  ^ 
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gallium.  It  adheres  to  glass,  forming  a  whiter  mirror  than 
produced  by  mercury.  Although  it  is  quite  hard,  it  can  be 
readily  cut  with  a  knife  ;  it  also  decolorizes,  and  yields  upon 
paper  a  bluish-gray  streak.  Although  it  can  be  somewhat 
drawn  out  under  the  hammer,  it  soon  becomes  brittle  and 
crumbles.  Small  pieces  possess  considerable  strength  and 
thin  sheets  stand  bending  several  times  without  breaking. 
The  specific  gravity  of  solid  gallium  is  5.935  to  5.95G,  and 
that  of  fused  gallium  6.069. 

Gallium  shows  but  little  inclination  towards  oxidation  ;  it 
remains  bright  at  the  ordinary  temperature,  as  well  as  at 
500°F.  in  dry  oxygen,  and  loses  its  lustre  only  at  the  initial 
red  heat,  when,  without  showing  evaporation,  it  becomes  cov¬ 
ered  with  a  thin  layer  of  oxide,  which  protects  the  metal 
underneath  from  further  oxidation.  It  is  but  little  afiected  by 
moist  air  and  remains  unchanged  in  boiling  water  ;  but  the 
metal  separated  by  electrolysis  shows,  probably  on  account  ot 
its  containing  some  alkali  metal,  the  phenomenon  of  deciepi- 
t-ation,  whereby  gas-bubbles  escape.  With  hydrochloric  acid, 
as  well  as  with  potash  lye  and  ammonia,  gallium  evolves 
hydrogen;  under  heated  nitric  acid  it  fuses  to  a  bright  mu 
CUry -like  globule,  and  very  slowly  dissolves.  Chlorine  attacks 
feUllium  at  the  ordinary  temperature,  heat  being  e\ol\cd, 
0mine  acts  less  vigorously^  and  iodine  only  on  heating, 
to  the  present  time  only  alloys  of  gallium  v  ith  alu 
11111  and  iridium  have  been  prepared. 

3.  Tungsten  group. 

(Tungsten,  Molybdenum,  Vanadium). 

j>r  re£ard  to  their  properties  the  three  metals  forming 

appr6ach  the  iron  group,  but  tungsten  alone  has  fount 

Implication  in  the  manufacture  of  alloys. 

4 
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Tungsten  (Wo ;  atomic  weight  184).  This  element  was  & 
covered  by  d’Elhujar  in  1781.  It  is  sparingly  distributed  in 
nature  and  is  never  found  free,  its  principal  native  compound.' 
being  wolfram,  a  tungstate  of  iron  and  manganese,  calcium 


tungstate  or  scheelite,  and  lead  tungstate.  Metallic  tungsten  is 
obtained  by  reducing  the  trioxide  in  hydrogen,  or  by  passing 
the  vapor  ot  tungstic  chloride  mixed  with  hydrogen  through  a 
led  hot  tube,  or  by  passing  the  vapor  of  the  chloride  over 
ted  sodium.  It  is  an  infusible  steel-gray  crystalline 
powder  of  specific  gravity  18.0 ;  when  heated  in  the  air  it 
urm>,  forming  tungstic  oxide.  When  mixed  with  other 
metals  it  forms  exceedingly  hard,  infusible  alloys. 

•  f  ^  *uil£sten  itself  is  infusible,  it  readily  unites  with 

it  is  i^edmg  an  all°y  kn°Wn  aS  ferro~tunff^-  In  tllis  fom 
first  melted^nlTf  Preparatl0n  of  tungsten  steel.  The  steel  is 
the  same  T1  erro  tungsten  of  known  composition  added  to 

*  hard“  2Ct  °f  tungsten  on  steel  is  to  rendej 

it  «nnot  be  welded  whin  t  "  ^  diffi°Ult  40  ‘ 

ceeds  two  per  cent  o  °  am°Unt  of  tungsten  present  ex 
in  the  absence  of  carb  116  I>ecu^ar^7  °f  tungsten-steel  is  that 
hardness  by  teniperin  ^  ^  ^  strengthened  or  increased  i» 

ent  becomes  consider  ^1  ^  ^en  ainount  of  tungsten  preS' 

vith  the  greatest  diffi  ^  ^ese  stee^s  can  be  worked  on!' 
cut  by  the  file,  and  °U  ty‘  The  higher  grades  cannot  be 
shaped  at  one  forgin„  'f  "  can  be  tempered,  it  must  be 
Uke  chrome  steel,  JL  ,  h<ai  Sr°und  to  the  form  desired- 

heat>  but  to  obtain  ,T  t0°‘  Steel  ca“  be  worked  easily  «* 
"iitlw  greatest  care.  6  best  results  it  must  be  handle1* 

f  he  other  two  niet-  \  * 

°niic  weight  96)  and  tungsten  group,  molgbden11111 
and  vanadium,  (V ;  atomic  weight  51-^ 
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have  only  been  found  in  small  quantities  in  some  rare  miner¬ 
als.  and  have  thus  far  found  no  application  in  the  manufac¬ 
ture  of  alloys. 


4.  Tin  group. 

(Tin,  Titanium,  Zirconium,  Thorium. ) 

This  group  contains  the  metals  above  mentioned,  but  with 
the  exception  of  tin,  they  are  of  no  industrial  importance 
whatever,  and  belong  to  the  greatest  rarities.  W  e,  therefore, 
have  only  to  deal  with  tin. 

Tin  (Sn  ;  atomic  weight  118.)  Native  tin  is  of  exceedingly 
rare  occurrence,  and  then  it  is  combined  with  lead,  and  even 
with  gold  in  Siberia.  It  can,  however,  be  readily  extracted 
from  tin-stone  or  cassiterite,  occurring  in  great  abundance  in 
Cornwall,  Devonshire,  and  other  localities.  A  consideiable 
quantity  of  tin  ore  is  obtained  from  Saxony,  South  America, 
and  Australia.  The  nodular  or  rounded  grains  of  tin  found 
in  beds  of  streams  and  in  alluvial  soil,  are  called  stream-tin, 
and  are  very  pure  tin-stone ;  as  found  in  the  alluvial  "<>il  °f 
island  of  Banca,  it  is  considered  the  best  in  the  world.  Onl\ 

1  ^nall  part  of  this  island  has  been  explored  foi  tin,  and  tha 
111  the  north  part,  but  the  yield  is  about  4,000  tons  annually, 
in  Cornwall  the  tin  mines  have  been  worked  funn  rtir  _ 
antiquity,  hut  the  tin  is  mixed  with  various  gulphurets  anc 
ninerals,  as  copper,  blende  (zinc),  arsenic,  fiuor,  apatite 
q?srate  of  iron  and  manganese  (wolfram).  In  the 
7*’  tin  in  the  form  of  cassiterite  occurs  in  Maine,  Massa- 
7*ts,  New  Hampshire,  New  York,  Virginia,  North  (  aro- 
Georgia,  California,  Idaho  and  other  states,  but  no  in 
antitieg  sufficient  ^  inyite  much  outlay  for  working. 

' 1  T)r*sent  the  appearance  of  large  quanties  of  tin  ore  i 
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Dakota,  with  various  associations,  and  in  some  parts  almost 
pure,  seems  to  indicate  that  it  has  a  wide  and  valuable  distri¬ 
bution.  The  district  in  Dakota  where  the  chief  deposit  has 
been  found  is  at  the  central  portion  of  the  Black  Hills,  in 
Pennington  county,  about  20  miles  southwest  of  Rapid  City, 
two  miles  from  Harney  City.  It  is  at  the  claim  known  as 
the  Etta,  on  an  isolated  conical  granitic  hill  rising  about  250 
feet  above  the  surrounding  valley,  4,500  feet  above  the  sea. 

Tin-stone  has  also  been  discovered  in  the  northwest  parts  of 
the  Black  Plills  in  Wyoming,  and  stream  tin  on  Jordan  creek, 
Idaho,  with  gold  in  the  placer  deposits  of  that  stream. 

Commercial  tin  is  never  pure.  The  following  table  shows  a 
set  of  analyses  given  by  Bruno  Kerl  :* 


Banea. 

British. 

Peruvian. 

Saxon. 

Bohemian. 

I. 

II. 

I. 

II. 

I. 

ii. 

I. 

II. 

Tin . 

Iron  .... 
Lead  .... 
Copper  .  .  . 
Antimony  . 
Bismuth  .  . 

99.961 
O.d  19 
0.014 
0.006 

99.9 

0.2 

99.96 

0.24 

98.64 

0.24 

0.16 

93.50 

0.07 

2.76 

3.76 

95.66 

0.07 

1.93 

2.34 

99.9 

0.1 

99.59 

0.4C6 

_ 1 

98.18 

1.60 

Chemically  pure  tin  is  „  white  metal  with  a  st  lustre 
h  has  a  specific  gravity  of  7.28  to  7.4,  according  to  the  metho 

discs  in  moist  air,  and  enti t  “  “'"‘f  7 

air.  It  possesses  but  little  tenacity  S  metelllclustreul  " 

can  be  rolled  into  very  thin  ni  +  U  ^  ^U^te  ma^ea^e’  an' 

crystalline,  and  when  bent  gives  01T  ^tm"f<>l1^  Xt  is  hiSbl; 

called  “  tin-cry,”  caused  by  the  o , .  ?  CracklinS  noise>  the  sC 

)  sta  s  rubbing  against  end 

*Metalhattenkunde,  1S73. 
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other.  It  possesses  a  peculiar  odor.  It  melts  at  453°  F. 
When  fused  in  contact  with  air  it  acquires  a  film  of  oxide,  and 
at  a  white  heat  burns  with  a  bright  flame,  and  is  converted 
into  a  whitish  powder,  known  as  “  putty -powder,”  and  used  in 
the  arts  for  polishing. 

Unmanufactured  tin  comes  into  market  as  “  block  tin,”  as 
“  grain  tin,”  and  in  small  bars  or  “  sticks.”  Block  tin  is  cast 
in  ingots  or  blocks  in  moulds  of  marble ;  grain  tin  is  made  by 
heating  these  ingots  until  very  brittle,  and  then  breaking 
them  upon  stone  blocks ;  it  is  sometimes  granulated  by  melt¬ 
ing  and  pouring  into  water. 

Tin,  though  soft  by  itself,  possesses  the  remarkable  property 
of  imparting  to  certain  alloys  a  high  degree  of  hardness.  It 
being  quite  indifferent  towards  certain  organic  acids,  it  is  ex¬ 
tensively  used  for  coating  other  metals,  as  iron,  copper,  lead,  etc. 

Tin  alloys  readily  with  lead,  antimony,  zinc,  bismuth,  cop¬ 
per,  gold,  silver  and  other  metals. 

5.  Lead  group. 

(Lead,  thallium.) 

Lead  (Pb  ;  atomic  weight  207).— This  metal  is  much  used  in 
the  manufacture  of  alloys.  It  is  so  soft  that  it  may  be  easih 
scratched  with  the  finger  nail,  but  it  has  too  little  tenacity  to  be 
drawn  into  fine  wire,  although  some  lead  wire  is  found  in  the 
market.  It  is  very  malleable,  and  is  extensively  used  in  the 
forms  of  sheet-lead  and  lead-pipe.  It  was  formerly  employed 
for  casting  statues, but  its  use  for  this  purpose  has  bee  n  almost  en 
tirely  abandoned  at  the  present  time,  experience  having  shown 
that,  though  such  statues  resist  the  action  of  the  air  quite  we  , 
they  gradually  collapse. 

Pure  lead  is  a  bluish-white,  lustrous,  inelastic  metal ;  when 
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Ireshly  cut  or  melted  it  shows  a  bright  surface,  which,  how- 
ever,  rapidly  tarnishes  on  exposure  to  the  air.  It  is  very 
heavy,  its  specific  gravity  being  11.4,  and  is  easily  fusible 
melting  at  about  620°  F.  It  boils  and  volatilizes  at  a  white 
heat  ,  but  cannot  be  distilled  from  closed  vessels.  The  affinity 
o  lead  foi  oxygen  is  so  great,  that  in  melting  the  surface  be¬ 


comes  coated  with  a  yellow  layer  of  oxide ;  on  removing  this 
layer  with  a  hook,  the  pure  white  color  of  the  metal  shows 
itself,  but  immediately  disappears  again.  In  this  manner 
large  quantities  of  lead  can  in  a  short  time  be  converted  into 
oxide.  I  he  alloys  of  lead  are  distinguished  by  great  fusibility, 
uable  property  for  some  purposes,  and  by  being,  as  a  rule, 
much  harder  than  the  lead  itself. 

alloys  readily  with  tin,  antimony,  bismuth, silver  and 
gold  ;  scarcely  at  all  with  zinc  (see  zinc)  ;  and  but  little  with 
non  ,  on  mixing  iron  and  lead  the  latter  sinks  down,  and  the 
iron  remains  almost  free  from  lead.  However,  in  iron  blast 
uinaees  partly  cubic  and  partly  aeicular  crystals  have  been 

found,  Which,  according  to  Sonnenschein,  contained  88.76  per 

cent,  lead  and  11.14  ner  oPnt 

,  +v  .  1  cent  non>  and  probably  had  been 

formed  by  tlic  action  of  gaseous  lrn-iri 

„P1  .  .  feaseous  Jcad  upon  reduced  iron. 

liicilliuTn,  (il ;  atomic  weight  9oq  r*/i\  •  , 

, .  ,  ’  .  2u3-64)  is  a  metal  very  much 

resembling  lead.  It  is  widely  distriW^  i  •  ,  '  . 

and  copper  pyrites,  in  hlendc,  in  nativ^T®  "  T" 

dolite.  I,  is  most  profitably  extracted  the  7  7 

the  pyrites  burners.  It  has  a  strong  met  lr 

quickly  tarnishes  by  oxidation.  Its  specific  &  ^  US.trG’  U 
1 1  q  i  •.  •  f.  .1  ,  ,  1  ic  gravity  is  about 

11.8,  and  it  is  softer  even  than  lead.  Snv^.„i  „  J 

.  .  ial  alloys  exhibitin0, 

characteristic  properties  have  been  prepared  •  & 

ance  of  thallium,  but  the  metal  is  too  expend  l  *  ^'C  assl>t' 
...  '  e  to  be  used  for 

technical  purposes. 
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6.  Silver  Group. 

(Silver,  mercury,  and  copper.) 

The  metals  belonging  to  this  group  are  of  great  importance 
in  the  manufacture  of  alloys,  copper  being  especially  distin¬ 
guished  in  this  respect,  since  there  is  an  exceedingly  large 
number  of  alloys  used  for  various  industrial  purposes  of 
which  it  forms  the  principal  constituent.  The  other  two 
metals  belonging  to  this  group  are  also  much  employed  for 
the  same  purpose,  and  it  may  be  said  that  this  group  is  the 
one  most  deserving  the  attention  of  all  interested  in  alloys. 

Copper  (Cu ;  atomic  weight  63.4). — This  metal  has  been 
known  from  very  early  times,  it  being  found  native  in  many 
parts  of  the  earth  and  requiring,  therefore,  simply  to  be  melted 
in  order  to  obtain  it  in  a  form  suitable  for  technical  purposes. 
It  was  used  for  the  manufacture  of  tools  and  weapons  long 
before  the  discovery  of  methods  for  the  extraction  of  iron. 

Copper  has  a  characteristic  yellowish-red  (copper-red)  color, 
but  on  exposure  to  the  air  becomes  gradully  coated  with  a 
brown  layer  of  oxide.  Heated  to  redness  in  the  air  it  is 
quickly  oxidized,  becoming  covered  with  a  black  scale.  Tt 
has  a  specific  gravity  of  8.9,  and  is  tough,  very  malleable, 
and  ductile,  so  that  it  can  be  rolled  out  into  very  thin  lea\  es 
and  drawn  out  to  fine  wires.  It  melts  at  a  bright  led  heat, 
and  seems  to  be  slightly  volatile  at  a  strong  white  heat. 

Copper  alloys  readily  with  most  metals,  especially  with 
S°ld,  silver,  zinc,  tin,  nickel,  antimony,  aluminium,  etc.,  but 
Partially  only,  or  with  difficulty,  with  lead  and  iron.  Many 
the  copper  alloys  are  of  great  importance.  All  allov 
known  as  bronze,  brass,  bell-metal,  gun-metal,  as  well  as 
^riuan  silver,  argentan,  etc.,  contain  copper  in  "varying  q 
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tities,  and  possess  properties  which  render  them  indispensable 
for  certain  branches  of  the  metal  industry. 

Mercury  (Hg;  atomic  weight  200). — This  remarkable 
metal,  sometimes  called  quicksilver,  has  also  been  known  from 
remote  times,  and,  perhaps  more  than  all  others,  has  excited 
the  attention  and  curiosity  of  experimenters  by  reason  of  its 
peculiar  physical  properties.  Metallic  mercury  is  occasion- 
all\  found  fiee,  and  in  union  with  silver  and  gold,  but  its 
chief  source  is  the  sulphide  or  cinnabar.  Mercury  has  a 
neaih  silver-white  color  and  a  very  high  degree  of  lustre.  It 
liquid  at  ordinary  temperatures  and  solidifies  only  when 
cooled  to  —  40  °F.  In  this  state  it  is  soft  and  malleable. 
The  density  of  pure  mercury  is  13.596.  It  boils  at  662°  F., 
volatilizes  to  a  sensible  extent  at  all  temperatures.  In 
regard  to  its  behavior  in  the  air,  it  is  a  medium  between  the 
me  a  s,  l  eadily  combining  with  oxygen  and  those  which  show 
no  specia  a  nity  for  it.  Since  it  does  not  combine  with 

lustre  a  aU  °rdmary  temPerature,  and  retains  its  metallic 

amon£r  .r  m  ?,  7‘St  atmosIJhere,  it  is  generally  included 
among  the  so-called  noble  metals. 

But  when  it  is  heated  for  soma  +• 

point,  it  slowly  absorbs  oxygen  and  *°  HS  ? 

into  a  bright-red,  crystalline  ,d  ‘S  gradually  converted 

heating  the  oxide  thus  formed  °'H  er~mer0Uri°  oxide'  By 

again  decomposed  into  its  ^  more  strongly’  ?S 

mercury.  uents,  oxygen  and  metallic 

Mercury  readily  alloys  or,  as  it  is 

mates  with  other  metals  o.  .  ^enerally  called,  amahja- 

lormiiijv 

chemical  combinations.  The  °  1Tlany  cases  definite 
degree  of  fluidity  depending  on'the^8  ^  eitllCr  tlie 

pounded  with  the  mercury,  or  tl  °  f*Uantity  of  metals  com* 

foim  solid  bodies  with 
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perceptible  crystallization  and  frequently  a  high  degree  of 
hardness.  Several  of  these  amalgams  are  employed  in  the 
arts,  tin  amalgam  in  the  manufacture  of  mirrors,  amalgams 
of  tin,  gold,  and  silver  by  dentists. 

Silver  (Ag;  atomic  weight  108). — This  element  is  fre¬ 
quently  found  in  the  metallic  or  native  state  crystallized  in 
cubes  or  octahedra,  which  are  sometimes  aggregated  together. 
It  is  more  frequently  met  with,  however,  in  combination  with 
sulphur,  forming  the  sulphide  of  silver,  which  is  generally 
associated  with  large  quantities  of  the  sulphides  of  lead,  anti¬ 
mony,  and  iron.  The  metal  has  been  known  from  very  early 
times,  and  although  quite  widely  diffused  is  found  in  com 
paratively  small  quantity,  and  hence  bears  a  high  \alue, 
which  adapts  it  for  a  medium  of  currency.  It  has  a  char¬ 
acteristic  (silver-white)  color,  which  it  retains  e\en  vlien 
fused  in  contact  with  air,  and  by  reason  of  this  piopeity  has 
to  be  classed  with  the  noble  metals.  Its  specific  gravity  is 
about  10.48  and  may  be  increased  by  hammering.  It  is 
harder  than  gold,  but  somewhat  softer  than  copper,  and 
to  gold  is  the  most  ductile  of  all  metals.  It  can  be  idled  oi 
into  thin  leaves,  so  that  a  small  quantity  of  sil\ei  >.uffi 
cover  a  large  surface,  and  on  account  of  its  toughness  ca 
(lrawn  out  into  wires  so  fine  as  to  be  scaicely  peicept 
the  naked  eye.  It  melts  at  about  1680°  k  •  >  at  a  "bite 
strong  volatilization  takes  place,  whereby  the  sil\ti 
vcrted  into  bluish-purple  vapor.  The  beha\ioi  of  s 
"hen  fused  in  contact  with  the  air  is  very  remark 
absorbs  a  considerable  quantity  of  oxygen  without,  hovc\u. 

'  ’bemieally  combining  with  it,  the  oxygen  being 

Polled  as  the  metal  solidifies.  ,  . 

Silver  is  too  soft  to  be  worked  by  itself,  pure  silver  e  * 
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only  used  for  special  purposes  where  the  presence  of  another 
metal  would  exert  an  injurious  effect.  For  all  other  pur¬ 
poses  alloys  of  silver,  especially  such  as  contain  a  certain 
quantity  of  copper,  are  employed ;  silver  coins  and  silver 
utensils  consisting,  for  instance,  of  an  alloy  of  silver  and 
copper. 

7.  Gold  Group. 


\\joia  and  riatinum.) 


The  metals  belonging  to  this  group  are  distinguished  by  a 
hi&h  specific  gia\  itv,  and  are  the  densest  bodies  known, 
llieir  chief  characteristic  is,  however,  their  slight  affinity  for 
oxygen.  They  can  be  melted  in  contact  with  the  air  and 
exposed  to  the  highest  temperatures  without  combining  with 
oxygen.  Even  their  combinations  with  oxygen,  which  can 

li  lit  i  le,.  ln  aD  mdlrect  manner,  are  so  unstable  that  on 

the  oure  t!T,  Key  yieW  “P  the  °x>’Sen  are  decomposed, 

coZa  ,  g  ,'eft  beWnd-  On  account  of  being  found 
m  comparatively  small  quantity  u  , 

are  the  most  •  1  es>  ^ey  ^ear  a  high  value  and 

are  tne  most  precious  of  all  metals 

Gold  (Au;  atomic  weight 

from  the  earliest  times,  and  it  '  '  G°ld  haS  been  kn°W“ 

tional  color,  and  its  power  of  v  C°mparative  rai%>  its  excep‘ 
have  caused  it  to  be  esteem  ^eSlS^n^  ^mospheric  influences 
metals.  As  might  be  expected  ^  °ne  °*  ^be  most  Prec^°uS 
tion  for  oxygen,  gold  is  on*  ffl°m  ltS  Want  of  direct  attrac* 
always  found  in  the  metalh^  th°S6  feW  metals  which  are 
hi  ing  one  oi  the  most  widely  V  ^  aild  ^  Is  remarkable  as 
seldom  met  with  in  large  quam.^ elements,  although 
has  a  beautiful  yellow  color  a  V  **  ^  °ne  locality.  Gold 
able  m  the  air,  a  density  0f  jg  ^  metallic  lustre  unalter* 
metals,  and  can  be  drawn  out  Z'*  ^  m°st  ductile  of  all 

0  extremely  fine  wire,  It 
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surpasses  all  other  metals  in  malleability,  and  can  be  beaten 
out  into  thin  leaves  which  transmit  the  light  with  a  green 
color.  It  has  a  very  high  melting  point  (about  2372°  F.) 
and  becomes  fluid  only  at  a  white  heat.  It  can  readily  be 
volatilized  at  a  high  temperature  produced  by  means  of 
electricity. 

Pure  gold  is  nearly  as  soft  as  lead,  so  that  articles  manu¬ 
factured  from  it  would  speedily  wear  out.  In  order  to  in¬ 
crease  its  hardness  when  used  for  articles  of  jewelry  or 
coinage,  it  is  alloyed  with  silver  or  copper  or  with  both.  It 
also  alloys  readily  with  most  other  metals. 

Platinum  (Pt ;  atomic  weight  197.5). — This  metal  is  always 
found  in  the  metallic  state  in  the  form  of  grains  and  irregular 
pieces.  As  a  rule  it  is,  however,  not  pure,  but  the  grains  or 
pieces  are  generally  associated  with  a  group  of  other  metals 
possessing  similar  properties,  viz.,  rhodium,  palladium,  iiid- 
ium,  ruthenium,  as  well  as  gold,  silver,  and  iron.  Platinum 
has  a  gray-white  color,  resembling  that  of  some  biands  ol 
steel.  It  is  heavier  than  gold,  its  specific  gravity  being  -1.5. 
Up  to  the  commencement  of  the  present  century  platinum 
was  considered  infusible,  but  at  the  present  time  an  quantity 
of  platinum  up  to  450  pounds  can  be  readily  fused  with  the 
assistance  of  a  heat  produced  by  the  use  of  an  oxyhydio^en 
blow-pipe.  Platinum  is  distinguished  by  great  chemical 
indifference,  it  being  scarcely  acted  upon  by  any  single  ac  , 
but  like  gold  only  dissolves  in  a  mixture  of  nitric  acid 
hydrochloric  acid  (nitromuriatic  acid).  On  account  of  th’ 
indifference  and  its  comparatively  great  baldness,  it  i 
especially  used  in  the  manufacture  of  chemical  utensils, 
being  in  this  respect  equal  to  gold  but  cheaper. 

In  a  certain  respect  platinum  has  some  similarity  wi 
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iron :  It  can  be  welded,  and  readily  combines  with  carbon  to 
a  mass  with  a  lower  melting  point  than  that  of  pure  plati¬ 
num.  Hence,  platinum  vessels  to  be  heated  should  always 
be  provided  with  a  coating  of  another  metal  to  prevent  it 
from  absorbing  carbon  from  the  flame.  Platinum  forms 
alloys  with  most  other  metals. 

8.  Bismuth  Group. 

(Bismuth,  antimony.) 

Bismuth  (Bi ;  atomic  weight  210). — This  element  is  found 
in  the  metallic  state,  as  well  as  associated  with  sulphur,  cop¬ 
per,  and  lead.  It  has  a  peculiar  reddish  lustre,  a  highly 
crystalline  structure,  and  is  little  oxidized  by  the  air.  Its 
degree  of  hardness  is  small,  hut  it  is  so  brittle  as  to  be  readily 
pu  yemed  in  a  mortar.  It  melts  at  about  500°  F„  and  vol- 

3  ',!•"*  3!,a  !"gh  temPerature.  Its  specific  gravity  is  9.79. 

Diov'!rUt  • )emg  100  blittle  to  be  used  by itself- its  chief  em' 

metals.  S^kinds  ofT™''011  °f  Certain  alIoyS  with  0th<* 
tain  bismuth,  which  °  P**  “etal  and  stereotyPe  metal  C°“' 
panding  in  the  mould°"l  ^  UP°n  th6m  th®  Pr0Perty  °f 

forced  into  the  finest  lines  '"g  *0lldiacation’  s0  that  they  ““ 
also  remarkable  for  it-  *  the  impression.  This  metal  is 

alloys,  which  cannot  be  0n^°nc^  l°wer  the  fusing-point  of 
the  low  fusing-point  0f  ^C°Unted  for  merely  by  referring  t° 

together  with  autimonv  *  me^  hself.  It  is  also  employ^ 

Piles-  “  m  the  instruction  of  thermo-electric 


Antimony  (Sb  •  nt„  . 

native  state  as’ well"!!!  l20)- 


a  native  state  as  well  as  fo  W  120)—This  metal  occurs  i 
sulphide  of  a„Umo  co«nection  with  other  bodies,  th 

occurnng  in  ,ong>  as  gray  antim(my  ore>  an. 

cr3stals — being,  however,  til 


SPECIAL  PROPERTIES  OF  THE  METALS. 


61 


chief  source.  Antimony  has  a  bluish-white  color,  retains  its 
lustre  in  the  air,  crystallizes  in  rhombohedrals,  and  has  a 
specific  gravity  of  6.72.  It  melts  at  842°  F.,  and  is  volatile 
at  a  white  heat.  In  contact  with  air  at  a  red  heat,  it  takes 
fire  and  burns  with  a  white  flame  and  the  evolution  of  hot 
vapors,  forming  the  trioxide.  It  is  so  brittle  that  it  can  be 
converted  into  a  fine  powder  by  pounding  in  a  mortar,  and 
hence,  like  bismuth,  cannot  be  used  by  itself.  It  is,  however, 
an  important  metal  for  the  manufacture  of  several  useful 
alloys,  and  possesses  the  property  of  increasing  the  hardness 
of  a  metal,  even  if  only  mixed  with  it  in  small  quantity . 


Arsenic  (As;  atomic  weight  75). — This  element  is  often 
classed  among  the  metals  on  account  of  its  physical  proper 
ties,  it  having  a  metallic  lustre  and  conducting  electricity. 
But  it  is  not  capable  of  forming  a  base  w ith  oxy  gen,  and  the 
chemical  character  and  composition  of  its  compounds  con 
nects  it  in  the  closest  manner  with  phosphorus.  Arsenic  is 
sometimes  found  native,  but  far  more  abundantly 
nection  with  various  metals,  forming  arsenides,  which 
quently  accompany  the  sulphides  of  the  same  metals, 
pure  state  it  is  a  light-gray  body,  which  under  exclusion  of 
air  shows  a  strong  metallic  lustre,  but  assumes  a  black  co  or 
on  coming  in  contact  with  air.  It  has  a  specific  g  < 

5.7,  and  volatilizes  at  a  red  heat.  If  arsenic  be  thrown  upon 
glowing  coals,  it  volatilizes  with  the  diffusion  of  a  pecu  .ar 
odor  somewhat  resembling  that  of  garlic.  An  a 
arsenic  renders  metals  harder  and  at  the  same  time  mo. 
brittle,  and  it  is,  therefore,  somewhat  employed  m  t  le  man 
faeture  of  alloys.  But,  on  account  of  its  poisonous  na 
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its  use  must  be  avoided  in  alloys  to  be  employed  for  the  man 
ufacture  of  utensils  in  which  food  is  to  be  preserved. 


V 

Supplement. 


An  alloy,  as  generally  understood,  is  a  combination  of  two 
or  more  metals,  but  there  are  some  so-called  alloys  consisting 
ot  but  one  metal,  whose  properties  have  been  changed  in  a 
remaikable  manner  by  the  addition  of  a  non-metallic  ele¬ 
ment.  It  has  been  previously  pointed  out  that  the  properties 
of  iion  aie  sensibly  changed  by  a  very  small  addition  of 
sulphui  or  phosphorus,  and  that  carbon  acts  in  a  similar 

ner.  It  will,  therefore,  be  necessary  to  brieflv  describe 
these  elements. 


iUpImr  (S ;  atomic  weight  32).— This  element  is  remark 

st  t  01T+tS  abUndant  occurrence  in  nature  in  the  uncombinec 
n  1  '  ?Uf 6d  by  disti]lati™.  and  then  forms  a  crystal 

2sT;;:hrteistic  -10,  - 

Zo~  *•>  and  at  about  780°  17  i 

vapors.  By  the  admixture  of  „  ^ 

quires  a  black  color  in  m  n-  S“mC  substanees  sulPbur  ac 

most  metals  is  so  great  tl  Th<i  afflnity  of  sulPhur  fo' 

energy.  If;  for  instance  **  1 ley  combine  with  it  with  greal 

taining  sulphur  heated  to  jj°^)G1  ^rown  into  a  vessel  con 

takes  place  and  is  attfma  j  °  point,  the  combination 

j  •  ,  t  ^tended  with 

imate  mixture  of  iroil  a  ,  1V1<^  combustion.  An  id* 

heated  to  effect  the  union  "of  KSUlphUr  needs  only  be  sli?htI'' 

by  vivid  glowing.  The  °th  holies,  which  is  accompanied 
by  moistening  a  large  qua nTn,tio»‘  <»n  even  be  introduced 
1  lie  combinations  of  the  mV/ ^  mixture  with  water, 
cases  distinguished  b y  a  high  a  "  With  SUlPhur  in  n10S‘ 

miXtUr6  °f  ^r  heiugV  CSrr  °f  b*«eness,  a  small  ad- 

8  a  y  Efficient  to  impart  to 
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them  this  property.  And  this  property  being  by  no  means  a 
desirable  one,  care  should  be  had  in  making  experiments  in 
the  preparation  of  alloys  to  use  only  metals  absolutely  free 
from  sulphur.  It  may  also  be  remarked  that  in  such  experi¬ 
ments  the  presence  of  every  foreign  body  exerts  a  disturbing 
influence,  and,  in  order  to  obtain  satisfactory  results,  it  is 
recommended  to  use  only  chemically  pure  metals. 

Carbon  (C  ;  atomic  weight  12). — Carbon  is  the  most  widely 
diffused  element,  it  forming  a  never-wanting  constituent  of  all 
animal  and  vegetable  bodies.  Few  elements  are  capable  of  as¬ 
suming  so  many  different  aspects  as  carbon.  It  is  met  with 
transparent  and  colorless  in  the  diamond,  opaque  and  black 
and  quasi-metallic  in  graphite  or  black  lead,  velvety  and  por¬ 
ous  in  wood  charcoal  and,  under  new  conditions,  in  anthracite, 
coke,  and  gas-carbon. 

In  nature  carbon  appears  crystallized  in  the  hexagonal  form 
as  graphite,  in  the  tessular  form  as  diamond,  and  amorphous 
as  coal  in  the  ordinary  sense  of  the  word. 

For  our  purposes  only  the  modifications  known  as  graphite 
or  plumbago  and  as  amorphous  coal  are  of  interest. 

Carbon,  for  which  no  actual  solvent  is  known,  has  the  u 
markable  property  of  dissolving  in  considerable  quantities  in 
several  melted  metals,  the  best  known  example  of  this  being 
its  behavior  towards  iron. 

As  is  well  known,  in  the  manufacture  of  iron  pure  iion 
never  obtained,  but  the  so-called  cast-iron,  which  contain, 
certain  quantity  of  carbon.  There  can  be  no  doubt  that  the 
carbon  is  actually  dissolved  in  the  iron,  foi  in  cooling  certa 
varieties  of  cast-iron  containing  much  carbon  a  certain  j 
%  of  it  is  separated  out  in  a  crystalline  form  as  graphite. 

Phe  content  of  carbon,  as  previously  stated  in  speaki  g 
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iron,  exerts  a  considerable  influence  upon  the  qualities  of  a 
metal,  the  special  properties  of  the  various  kinds  of  iron 
known  as  wrought-iron,  steel,  and  cast-iron  being  chiefly  due 
to  the  varying  quantity  of  carbon  they  contain.  Generally 

V 

speaking,  it  may  be  said  a  content  of  carbon  makes  the  metal 
more  fusible,  but  it  is  impossible  to  state  in  a  general  way 
what  other  influence  is  exerted  upon  its  properties,  this  in¬ 
fluence  depending  essentially  on  the  quantity  admixed.  It 
is,  therefore,  only  possible  to  determine  in  each  case  the 

influence  exerted  upon  the  properties  of  a  metal  by  the 
presence  of  carbon. 


Phosphoi  us  (P  ;  atomic  weight  31). — This  element  is  never 
known  to  occur  uncombined  in  nature,  and  its  properties 
the  use  of  special  precautions  necessary  for  its  manage- 
’  being  \eiy  inflammable.  A  stick  of  phosphorus 
i.  v  .  a^ays  appears  to  emit  a  whitish  smoke, 

;.1C;  111  1  e  dark  ls  Ominous,  this  effect  being  chiefly  due 
gen  of  thC°m  UStT1<m  the  phosl)llorus  undergoes  by  the  oxy¬ 
the  air  become  so  thf  ^  T  ^  °f  PhosPhorus  exposed  to 
mence  to  melt  and  ^  ' '''  heated  by  oxidatio11  as  to  com- 
phorus  in  metals  is  A 

acid  are  used  in  their  m-  .  ..  •  '  0res  containing  phosphoric 

phosphoric  acid  to  p^os^^011’  wbereky  a  reduction  of  the 
with  the  metal.  d  IUS  ^akes  place,  which  combines 


An  speaking  0f  iron  it  has 

small  content  of  phosphoru  *  ^r0ad^  been  pointed  out  that  a 
z‘  e *»  U  makes  it  so  brittle 'ti  red-short  or  hot-short,  | 

hammer  even  at  red  heat  u  *  Cami0t  be  w<>rked  under  the 

W,tl(!  PhosPhoros,  the  mixtures b<!  intenti°aally  mixed  J 
le  Strict  sense  of  the  Word__  ‘ey  cann°t  be  called  alloys  f 

also  a  high  degree  of  ) 
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brittleness,  though  it  is  not  so  far-reaching  as  is  the  case  with 
iron,  and  the  metal  acquires  certain  properties  making  it 
especially  suitable  for  many  purposes.  The  so-called  phos¬ 
phor-bronze  consists  of  a  mass  which  besides  copper  contains 
a  very  small  quantity  of  phosphorus,  and  shows  properties 
rendering  it  especially  desirable  for  some  uses. 


The  following  table  gives  the  specific  gravities  and  melting 
points  of  the  principal  metals : 


Name. 

Date  of 
Discovery. 

Name  of 
Discoverer. 

Platinum  .... 

1741 

Wood. 

Iridium . 

1803 

Descotils. 

Gold . 

— 

— 

Mercury  .... 

_ 

— 

Palladium  .  .  . 

1803 

Wollaston. 

Lead . 

— 

— 

Silver . 

- 

- 

Bismuth . 

Copper  . 

Nickel . 

1751 

Cronstedt. 

Manganese  .  •  • 

1774 

Gahn ;  Schee 

Iron . 

— 

— 

Tin . 

— 

— 

Zinc . 

— 

— 

Antimony  .  .  . 

— 

— 

Aluminium...  . 

1828 

Wohler. 

Magnesium  .  .  . 

1829 

Bussey. 

Specific 

Gravity. 


21.5 
21.15 
19.26 

15.5 

11.80 
11.33 
10.57  | 

9.80 
8.94 
8.82 
8.02 
7.84 
7.30 
7.13 

6.80 
2.56 


Melting  Point. 
Degrees  F. 


2192°  (?) 


609.3 

1832 

500 

2192(?) 


3632(?) 

458.6 

773.6 
842 
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V  rom  what  has  been  said  in  the  preceding  chapters  it  will 
ht  seen  that  the  properties  of  the  different  metals  vary  very 
much,  and  that  but  few  possess  properties  in  common,  to 
vhidi  expression  lias  been  given  by  arranging  the  allied 

in  groups.  It  will  next  be  necessary  to  consider  the 

a  teiations  vlneh  certain  metals  undergo  by  melting  together 
or  alloying.  ‘  h 


^ATI0K-  14  has  previously  been  mentioned  that  wb 
separation^  ^  cooled  below  their  fusing  points, 

2 T  lnt'h  S0Veral  a,1°yS  °f  diff^ t  composition  tak 
Place.  In  the  mass,  whiWni  r  -i  , 

fusing  point  solidify  flrst  ,  .  qmd’ the  allo>'s  with  a  hlSh 

gradually  solid  by  fu  +\  ’  .  the  entlre  mass  becomes  on 

also  be  induced  by  aLfo,,*’?11"8:'  Th®  same  Process 

fusible  at  a  lower  tom  ^  leating  a  solid  alloy  :  an 

frequently  be  entirely beoo““g  liquid,  and 

a  higher  temperature.  Th'  r°m  au  a^oy  fusing  onl 

integration  of  chemical  Co  l  ^  T°Cess’  "bich  resembles  tin 

depends  solely  on  the  differ  -  a^011s>  hut  as  previously  st; 

points  of  solutions  of  varyil the  solidifying  or  fu 

ordertsep  a“e,alS  **  Called 

liquation  of  ari,  ,  !  °r  Mother  all  m  n°ble  ' 

in  working  metfi  '  CT0Us  *ead  fTO  °/  (Pattinson’; 

als>  hq«Mion  is  al  coPPer-thorn)  ; 

( 66  ^  *r°nblesome, 


ho\ 

and 
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therefore,  sought  to  avoid  it  as  much  as  possible.  Since  the 
physical  properties  of  an  alloy — strength,  ductility,  hardness, 
color,  etc. — are  closely  related  to  its  average  composition,  and 
as  a  slight  change  in  the  latter  frequently  produces  not  incon¬ 
siderable  variations,  the  properties  of  a  piece  of  metal  solidi¬ 
fied  with  liquation  will  not  only  be  different  and  less  suitable 
for  the  intended  purpose  than  would  be  the  case  with  uniform 
solidification,  but  in  various  parts  of  the  same  article  vari¬ 
ations  will  show  themselves,  which  may  injure  its  usefulness 
or  render  it  entirely  useless.  Generally  speaking  liquation 
shows  itself  the  plainer  and  the  variation  in  the  composition 
of  the  alloy  becomes  the  greater,  the  slower  the  process  of 
cooling  the  fused  alloys  is  effected.  Hence,  rapid  cooling  of 
an  alloy  while  solidifying  is  an  effective  means  of  preventing 
liquation,  or  to  limit  it  to  a  slighter  degree. 

From  this  it  will  be  seen  that  the  properties  of  one  and  the 
same  alloy  may  be  changed  by  remelting  and  renewed  cooling, 
if  in  one  case  liquation  is  more  promoted  or  rendered  more 
difficult  than  in  another ;  and  further  that  liquation  will  ap¬ 
pear  to  a  greater  extent  the  thicker  the  cross  sections  of  a 
casting  are. 

Since  in  the  solidification  of  liquid  metals  and  alloys  cooi¬ 
ng  progresses  from  the  exterior  towards  the  centre,  adduc¬ 
ing  more  rapidly  here  and  more  slowly  there,  a  concentration 
of  more  refractory  alloys  usually  takes  place  on  the  outside 
and  one  of  more  fusible  alloys  in  the  centre ;  but  generally 
Equation  is  more  perceptible  in  the  centre  of  a  casting  than 
the  outside.  However,  since  many  bodies  expand,  hence, 
<Wease  their  specific  gravity,  at  the  moment  of  solidification, 
and  therefore  float  upon  the  non-solidified  surface  (ice  upon 
Water,  solid  cast-iron  upon  fused),  it  will  be  understood  that 


68 


THE  METALLIC  ALLOYS. 


when  liquation  takes  place,  not  only  the  exterior  surfaces 
the  solidified  piece  of  metal  show  a  concentration  of  the  mor, 
refractory  alloy,  but  also  the  upper  cross  sections ;  while  it 
other  cases  where  this  behavior  does  not  take  place,  when 
briefly  the  alloy  solidifying  first  is  specifically  heavier  that 
that  remaining  fluid,  it  accumulates  on  the  bottom  of  the 
piece  of  metal.  Hence  variations  in  the  composition  of  the 
uppei  and  lower  cross-sections  prove  by  no  means,  as  has  fre¬ 
quent])  been  supposed,  that  a  separation  of  alloys  of  different 
composition  has  taken  place  while  in  a  fluid  state,  but  only 
the  alio)  first  separated  in  consequence  of  liquation  p<£ 
at  that  temperature  a  different  specific  gravity  from  the 
lied  more  readily  fusible  alloy;  and  from  this  it 
fTher  hlferred  that  in  a  state  the  specific 

each  other  e  seParated  alloys  stand  in  the  same  relation  to 

that,  after^ooline^tV  m°ment  °f  li(luation<  or  in  other  words 
lightest.  5  uPPermost  alloy  is  also  specifically  th 


strong 


with  qu 


however,  the  propertv  ftf  ,.  . 

the  same  extent  in  all  11  lquatlon  does  not  * 
cannot  be  avoided  e  &  °^S  sonie  ^  so  £ 
^bile  others  scarcely  1  aS  raP*d  cooling  as 

cooling,  Su^  ap  W  a  trace  of  it  even  wi'1 
called  constant  alloys,  §  n°  li(luation  are 

separate  from  a  larger  U°h  c°nstant  allovs  oc 
the  same  metals,  and  «  °f  ‘iqUating  alloys  , 

^:ttric"^rinthiscLth 

fends  “deniably^'^  y  «»«h  eh ‘2^, 

^  *  **  %-d  sta^nd^^^ 

18  ev’dent  that  th, 
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preparing  the  alloys  is  not  without  influence  upon  their 
power  of  liquation,  and  that  many  contradictions  regarding 
the  composition  of  constant  alloys  are  met  with  even  in  the 
statements  of  reliable  investigators. 

Most  copper-tin  alloys  show  a  very  distinct  tendency 
towards  liquation,  which  generally  increases  with  the  content 
of  tin.  From  alloys  richer  in  copper,  crystals  richer  in  tin 
separate  in  the  slower  cooling  portions  of  the  casting,  which 
may  be  plainly  distinguished  from  the  actual  alloy  by  their 
lighter  color  and  are  called  tin-stains.  In  alloys  containing 


more  than  50  per  cent,  tin,  the  upper  cross  sections  are,  accord¬ 
ing  to  Riche,  richer  in  tin,  and  the  lower  richer  in  copper ;  in 
alloys  poorer  in  tin  no  difference,  however,  is  perceptible  in 
the  lower  and  upper  cross  sections.  According  to  Ktinzel  all 
copper-tin  alloys  with  less  than  5  per  cent,  tin  (more  than  95 
per  cent,  copper)  are  constant,  as  well  as  an  alloy  of  17./  pci 
cent,  tin  and  82.3  per  cent,  copper  (Cu17Sn2).  Riche,  how¬ 
ever,  gives  the  following  alloys  as  constant :  38.2  per  cent,  tin 
with  61.8  per  cent,  copper  (SnCu3)  and  31.7  per  cent,  tin  with 
68.3  per  cent,  copper  (SnCu4),  and  states  that  liquation  is  j  ic 
portionately  least  in  alloys  in  which  the  quantity  of  tin 
copper  is  at  the  ratio  of  1:5,  the  composition  of  which,  the 
fore,  approximately  corresponds  to  the  alio}  Cu^Sno 
nated  as  constant  by  Ktinzel. 

By  the  addition  of  small  quantities  of  zinc  to  coppei-  m 
alloys,  it  is  frequently  endeavored  to  decrease  their  power  o 
liquation.  French  pieces  of  ordnance  examined  by  hiche, 

contained 


In  the  interior . 

In  the  circumference  .  •  •  • 


Cu 

89.44 

89.04 


Sn 

Zn 

Pb 

8.91 

1.39 

0.16 

9.51 

1.30 

0.16 
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while  in  the  tin  stains  accumulated  around  the  axes  of  tin- 
pieces  of  ordnance  the  content  of  tin  amounted  to  12.3  to  14  j 
per  cent.  At  any  rate  liquation  was  not  considerable ;  and 
what  is  remarkable,  the  average  composition  shows  a  con- 
centration  of  the  content  of  tin  towards  the  circumference.* 

Copper-zinc  alloys  possess  very  little  or  no  tendency  towards 
liquation,  and  in  this  respect  are  favorably  distinguished  from 
the  copper-tin  alloys. 

Copper-lead  alloys  show  strong  tendency  towards  liquation, 
b  loin  cupriferous  lead  the  lead,  by  careful  heating,  may  be 
melted  out,  the  copper  remaining  behind  in  the  form  of  so- 
called  copper-thorns. 


Silvei'-copper  alloys  have  been  examined  by  Levol  and  later 
on  b}  Robeits,  and  nearly  all  showed  strong  tendency  towards 
liquation,  a  tact  which  is  ot  considerable  importance  as  regards 
the  use  of  such  alloys  for  coins,  and  renders  the  preparation  of 
of  uniform  composition  more  difficult.  Levol  consid¬ 
ers  the  alloy  Ag3Cu2  (containing  71.893  per  cent,  silver)  as 
ant,  and  supposes  that  all  other  silver-copper  alloys  repre- 
utionb  of  the  above-mentioned  allov  in  an  excess  oi 
copper  °r  an  excess  of  silver.  Although  the  correctness  of 
mo!)  may  be  combated,  Levol’s  experiments  show  with 


*  However,  this  proves  hv 

terior  parts,  as  found,  accurate^™**”8  ^  ^  eomPosition  of  th 
when  originally  solidifying.  '  ^presents  the  composition  of  the 
the  circumference  contracts  *  ^^fication  the  crust  forme 
upon  the  more  readily  fusible  ”11 there.by  exerts  a  powerful  prei 
closed  in  the  centre,  whereb  *  °^&  'n  ^1's  case  richer  in  tin 
solidified  crust.  In  some  alio'-  ^  ^  foreed  into  the  pores  of 
solidifying  last,  and  forced  thro  r!°bei  f^ell  bronzes)  these  a 
ppear  in  the  form  of  globules  onu  ****  °f  the  erust,  frequent!: 

sometimes  form  masses  of  eve,.  -  6exterior  surface  of  thecasting 

^ciescences. 
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considerable  certainty  that  of  all  silver-copper  alloys,  the  compo¬ 
sition  mentioned  above  belongs  to  the  alloys  showing  the  least 
tendency  towards  liquation.  In  alloys  with  a  larger  content 
of  silver  than  71.893  per  cent.,  the  content  of  silver  increases 
towards  the  centre  of  the  casting,  while  in  alloys  poorer  in 
silver,  the  content  of  copper  increases  in  that  direction.  In 
an  alloy  with  69.5  per  cent,  silver,  the  upper  cross  sections 
were  moreover  richer  in  copper  and  the  lower  richer  in  silver. 

Gold-copper  alloys,  of  which  Levol  examined  a  series  with 
23.7  to  92.5  per  cent,  gold,  showed  scarcely  any  sign  of 
liquation  after  actual  alloying  of  the  two  metals  had  taken 
place ;  however,  to  effect  this,  especially  with  alloys  richer  in 
gold,  several  re-meltings  and  frequent  stirring  were  required. 

Gold-silver  alloys  behave,  according  to  Levol’s  experiments, 
analogous  to  gold-copper  alloys ;  i.  e.,  they  show  no  tendency 
towards  liquation  after  actual  alloying  has  taken  place. 

Lead-silver  alloys  possess  strong  tendency  towards  liquation, 
as  shown  by  the  use  made  of  this  behavior  in  the  Pattinson 
process.  Levol  found  the  content  of  silver  considerably 
greater  in  the  centre  of  the  cast  and  solidified  alloys. 

Zinc-tin  alloys  also  show  considerable  liquation,  especially 
when  the  content  of  zinc  predominates. 

b.  Specific  gravity  or  density.  The  specific  gravity  <>i 
density  of  alloys  corresponds  in  an  approximately  accurate 
manner  only  in  a  few  cases  with  that  which  would  result  by 
calculation  from  the  specific  gravities  of  the  constituents  and 
their  percentage  of  content;  i.  e.,  with  the  specific  gia\it\ 
which  a  purely  mechanical  mixture  of  the  constituents 
possess.  In  some  cases  the  actual  specific  gia\it\  is  j-,1 
than  the  calculated,  and,  hence,  condensation  oi  cone 
tion  has  resulted  from  the  process  of  allo\ing,  in  othe 
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smaller,  the  volume  of  the  alloy  is  greater,  and,  therefore 
expansion  has — at  least  apparently — taken  place. 

Since  the  relative  determinations  refer  only  to  alloys  in  a 
solidified  and  cooled  state,  the  change  in  volume — contraction 
or  expansion — may  be  due  to  three  different  causes :  It  may 
be  caused  either  by  the  alloying  process  itself,  and  hence  take 
place  while  the  constituents  are  in  the  liquid  state;  or, 
secondly,  it  may  be  due  to  a  change  in  the  co-efficient  of  ex¬ 
pansion  of  the  alloyed  metal,  the  specific  gravity  of  the 
cooled  alloy,  if  the  co-efficient  increases,  increasing  with  it; 
01,  finally,  the  change  may  arise  from  a  process  which  may 
be  obseived  in  many  bodies  at  the  moment  of  transition  from 
the  liquid  into  the  solid  state,  and  which  consists  in  a  more 
le^s  sudden  expansion  at  the  moment  of  solidification.  It 
is  well-known  that  the  point  of  greatest  density  of  water  is 
C.  (o9.o4  r.),  that  by  further  cooling  it  expands  and 
on  freezing  bursts  the  vessel  containing  it;  another  result  of 
S  exhansion  is  that  ice  floats  upon  water.  Many  metals 
possess  t  le  same  property,  as  may  be  proved  notwithstanding 
many  doubts  raised  against  it.*  Now  if  the  expansion  of  an 

alloy  is  greater  than  it  shoe  LI  v  •  1  , 

nanoiAn  r>f  +i  Ulc  ke  Hi  proportion  to  the  ev 

pension  oi  the  scpEtratf*  motni 

dently  be  less  after  eoolin.  • 

regards  the  use  of  alloys  for  c  r  A]tl,0Ugh 

be  of  importance  to  know  to  TT  *  W°U’d  in  ^ 

lch  of  the  above-mentioned 

*  To  prove  that  cast-iron  actually 

a  wheel  cast  in  an  iron  mould  which  P&ndS  *n  solidifYing.  Schott  had 
by  two  radial  cuts  running  normal/  IT  divided  int°  two  equal  halves 
gether  by  a  powerful  spring.  At  t,^  °  the  circumference,  but  held  to- 
halves  of  the  mould  were  forced  °f  solidification  the  two 

seen  sparkling  through  a  crack  severs/0  ^  the  «*Miot  iron  could  be 
closed  only  on  cooling.  mi»imeters  wide,  which  became 
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causes  the  change  in  the  specific  gravity  is  due,  determina¬ 
tions  in  this  respect  are  entirely  wanting.  It  must  be  con¬ 
fessed  that  reliable  investigations  in  this  direction  would  be 
beset  with  many  difficulties,  and  hence,  up  to  the  present 
time,  investigators  have  contented  themselves  with  establish¬ 
ing  the  total  increase  or  decrease  in  volume  (condensation  or 
expansion)  in  a  cooled  state  by  comparing  the  specific  gravi¬ 
ties  of  alloys  resulting  from  calculation  with  those  actually 
found. 

However,  the  results  of  such  investigation  must  be  accepted 
with  caution,  because,  as  is  well  known,  the  specific  gravity 
of  every  metal  varies  between  wide  limits,  and  is  dependent 
upon  the  manner  of  its  previous  working  and  treatment. 
Hence  for  every  experiment  not  only  the  specific  gravity  of 
|  each  separate  metal  used  has  to  be  accurately  determined, 
but  care  must  also  be  taken  to  avoid  as  much  as  possible  all 
sources  of  error,  which  may  readily  arise  from  the  presence  of 
I  gas  bubbles  or  small  hollow  spaces  in  castings,  by  either  con- 
I  verting  the  metals  to  a  fine  powder,  or  by  getting  rid  of  the 
I  hollow  spaces  by  mechanical  means  previous  to  determining 
I  the  specific  gravity.  With  alloys  it  has  fuither  to  be  taken 
into  consideration  that  in  consequence  of  liquation 
specific  gravity  varies  in  different  places  of  the  casting. 
Many  investigators  have  committed  the  enoi  of  simply  tak  g 
for  the  calculated  specific  gravity  the  arithmetical  mean  from 
the  specific  gravities  of  the  constituents  and  the  relative 

quantity  of  the  latter.  Thus  if 

M  is  the  calculated  specific  gravity  of  the  alloy, 

1 V  and  w  the  quantities  by  weight  of  the  constituents,  am 
P  and  p  their  specific  gravities,  they  took 

W.  P  4-  w  p 
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That  this  formula  is  wrong  will  be  understood  by  taking 
into  consideration  that  the  specific  gravity  of  a  body  is  4 
pendent  upon  its  volume,  that  it  is  equal  to  its  absolute 
weight  divided  by  the  weight  of  the  water  displaced  by  it.  ' 
However,  the  weight  of  water  which  is  displaced  by  parts 

by  weight  ot  a  body  of  specific  gravity  P  is  the  weight  of 

water  displaced  by  w  parts  by  weight  of.  a  body  of  specific 

gravity  p  is  W;  hence 
P 

M  =  w  +  W  =  (W  +  w)  Pp 
W  w  Wp  -f-  wP 
P  p 

detei  mi  nations  ot  the  specific  gravities  of  allovs  the 
fol  owing  have  been  selected  as  the  most  reliable : 

11  in  alloys.  Determinations  made  by  Kiche  and 
mrston  are  given  in  the  annexed  table.  To  avoid  the  above 
.lentmned  source  of  error  Riche  determined  the  specific 

air  enclosld’beCnt"6  *  Sha™gS  "hich’  to  ^ 

the  determination  of  the  rb°iled  ““ 

pieces  as  free  from  fl.  Speclfie  gravity.  Thurston  used  small 
2J  ounces  each.  The?'S  **  P0SSib’e’  mid  'vei8hil«  from  10 
used  for  •  le tc- n q i n j , .^'  vi ‘ "  C‘  ^  were  eut  from  a  bar  previously 

were  first  washed  in  .qco] G  S^reil£^L  To  cleanse  them  the) 

in  water  to  expel  the  °  b°iled  two  or  three  hourS 

allowing  them  to  cool  in  ^n<d°Sed  *n  the  pores,  and.  after 

brought  under  the  receix!11  V  VGSSel  used  for  boiling,  were 

move  any  particles  of  air  .  .air’PUmP  to  completely  re- 
faakhi  filled  with  distilled  and  then  quickly  into3 

]K  U1,U  >usPended  by  means  nf  ^  ’  ***  "  ^ey  were  weighed 
beam  of  the  balance.  ‘  *  ^  fi“e  platinum  loop  to  the 
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Composition  of  the 
alloys  examined. 


Specific  gravities. 


100.00 

98.10 

97.50 
96.27 
92.80 
92.59 
90.00 
89.00 

87.50 
86.57 
84.33 

82.50 
81.15 
80.00 
79.02 

77.50 

76.32 
72.91 

72.50 
70.00 
68.25 

67.50 
65.00 

62.50 

61.71 

57.50 

56.32 

52.50 
51.80 

47.95 

47.50 
44.63 

42.50 
41.74 
39.20 

37.50 

34.95 

28.72 

27.50 
24.38 

22.50 
21.18 

17.50 
15.19 

12.50 
11.84 

9.70 

7.50 
4.29 

2.50 
1.11 
0.55 


I. 90 

2.50 
3.73 

7.20 

7.50 

10.00 

II. 00 

12.50 
13.43 

15.67 

17.50 
18.85 
20.00 
20.98 

22.50 

23.68 
27.09 

27.50 
30.00 
31.75 

32.50 
35.00 

37.50 

38.29 
42.59 

43.68 

47.50 

48.20 
52.05 

52.50 
55.37 

57.50 
58.26 
60.86 

62.50 
65.05 
71.28 

72.50 
75.62 

77.50 
78.82 

82.50 
84.81 

87.50 
88.16 

90.30 

92.50 
95.71 

97.50 
98.89 
99.43 

100.00 


Cu 

SnCu96 

SnCu48 

SnCu34 


SnCu16 

SnCu,2 

SnCu10 

SnCu8 

SnCuT 

SnCu6 

SnCus 

SnCu4 


SnCu3 

Sn5Cu,2 

SnCu2 

SnrCu12 

Sn3Cu3 

Sn3Cu4 

Sn5Cu6 

SnCu 

Sn4Cu3 

Sn6Cu3 

SnaCu 

Sn3Cu 

Sn4Cu 

Sn5Cu 

Sn12Cu 

Sn48Cu 

Sn96Cu 

Sn 


According  to  Riche. 

II 

Difference. 

•o 

l 

V 

— — 

CP 

rd 

a 

3 

W 

•3 

§  i 

fl  A 
c2  5 

a.2 

2d 

c.2 

o 

3 

X  to 

o  +* 

o 

M 

a 

8.89 

~  - 
_  1 

— 

■ 

— 

8.84 

8.69 

0.15 

8.87 

8.60 

0.27 

8.84 

8.54  : 

_ 

0.30 

8.72 

8.50 

— 

0.22 

8.72 

8.46 

_ 

0.26 

8.62 

8.40  j 

0.22 

~ 

_ 

,  _ 

— 

8.75 

8.32 

_ 

0.43 

_ 

— 

1  — 

— 

_ 

— 

— 

8.91 

8.21 

— 

0.70 

— 

— 

— 

— 

_ 

— 

— 

— 

_ 

_ 

— 

—  i 

8.15 

8  04 

— 

0.11 

— 

— 

l  — 

8.06 

7.93 

0.13  1 

_ 

— 

— 

— 

_ 

— 

— 

— 

— 

!  - 

7.90 

7.79 

— 

0.11 

— 

— 

7.59 

7.58 

— 

■  — 

0.01 

7.44 

7.50 

0.06 

— 

7.31 

7.46 

1 

— 

7.28 

7.43 

0.15 

■ — 

— 

— 

— 

7.31 

— 

— 

— 

According  to  Thurston. 


o 


8.791 
8.564 
8.511 
8.649 
8.694 
8.684 
8.669 

8.648 

8.681 

8.792 

8.740 

8.917 

8.565(?) 

8.925 

8.932 

8.938 

8.907 

8.947 
8.956 
8.970 
8.781 
8.682 
8.643 
8.560 
8.442 
8.446 
8.312 
8.437 
8.302 
8.182 
8.101 
8.013 

7.948 
7.915 
7.835 
7.774 
7.770 
7.690 
7.657 
7.543 
7.552 
7.487 
7.417 
7.360 
7.342 
7.305 
7.299 
7.293 


a> 


3 

V 

"5 

o 


8.712 

8.614 

8.534 

8.444 

8.318 

8.250 

8.150 

7.999 

7.893 

7.755 

7.566 

7.487 

7.443 

7.415 

7.346 


Difference. 


§  g 
W 


0.063 


o 

c3  • 

■g  o 

o 


0.055 

0.147 

0.296 

0.607 

0.688 

0.820 

0.561 

0.419 

0.258 

0.214 

0.170 

0.109 

0.072 

0.014 


ure, 


Le  numerical  values  found  for  the  saint  a  v  jtg 

quite  considerable  variations;  but  compaung 
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obtained  as  a  whole  they  agree,  in  many  important  points 
Both  senes  show  that  when  small  quantities  of  tin  are  added 
to  copper,  the  alloy,  as  might  be  expected  on  account  of  the 
smaller  specific  gravity  of  tin,  becomes  specifically  lighter 
than  copper,  but  as  soon  as  the  content  of  tin  exceeds  10  per 
cent,  the  decrease  in  the  specific  gravity  becomes  less  with  an 
increasing  content  of  tin  than  it  should  be  according  to  calcu¬ 
lation,  i,  e.,  with  an  increasing  content  of  tin  the  alloys  show 
increasing  condensation  (contraction).  From  an  alloy  with 
1  cent,  onwaid,  this  condensation  increases  to  such  an 

^'e  S1  'C'cific  gravity  of  the  alloys  increases  instead 
of  decreases  with  the  increasing  content  of  tin,  until,  accord- 

ooo  0t  l  Ktl  *Cf>’  1  eaches  the  maximum  in  the  alloy  with 

-  per  cent,  tin  (SnCu3)  and  then  gradually  approaches 
gain  the  specific  gravity  according  to  calculation.  Accord- 

that  alio  !  *  *****  the  conJensation  *  ~  considerable 

specific  gravity  of  one ^11  i’  ‘°  Rich6>  ^ 

copper.  Alloys  with  W  tl°'  ^  7  (SnCus)  exceeds  that  of 
ing  to  ThuJon  8  ^  !°  ^  «■*.  «»  show,  accord- 

Riche,  alloys  with  les&s  thann^10"’  38  Wdl  flS’  according 
By  heating  to  a  red  ileat  ^ 
content  of  tin  and  temperin  C°PPer'tln  al%s  with  a  certain 
heating  and  subsequent  slow*  **  ^  Per’  anc^  v^ce  versa  by 
changed  in  a  remarkable  man  *Pe  sPecific  gravity  is 

ments  made  in  this  direction  j>  •**  ^lom  a  series  of  expert 
results:  ’  Xlclle  Stained  the  following 
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Alloys  with  20.80  per  cent.  tin. 

Specific  gravities. 

I.  II.  III.  iv.  v.  VI.  VII.  vm.  ix.  x. 

Cast  .  •  •  8.787  8.858  8.825  8.862  8.863  8.780  8.715  8.822  8.842  — 

Tempered .  .  8.823  8.915  8.863  8.896  8.906  —  —  —  —  8.747 

Annealed  .  .  8.817  8.907  8.847  8.886  8.894  8.808  8.739  8.844  8.863  — 

Tempered  .  .  8.849  8.927  8.874  8.907  8.922  —  —  —  —  8.871 


Alloys  with  18  per  cent.  tin. 


Specific  gravities. 


i. 

ii. 

Cast  .  .  .  . 

. 8.737 

8.873 

Annealed 

.  8.733 

8.863 

Tempered 

.  8.763 

8.911 

Annealed 

. 8.753 

8.889 

Tempered 

...  . 8.775 

8.926 

Tempered 

. 8.786 

8.927 

Alloys  with  20  per  cent.  tin. 

From  a  cast  block  weighing  4  lbs.  four  bars  each 

weighing 

about  4#  ounces  were  cut  and  used  for  the  experiments. 


Specific  gravities. 


i. 

II. 

Tempered  .... 

.  .  8.704 

8.719 

Annealed  ... 

.  .  8.712 

8.728 

Tempered  .... 

.  .  8.730 

8.747 

Annealed  .... 

.  .  8.724 

8.744 

Tempered  .... 

.  .  8.756 

8.763 

Annealed  .... 

.  .  8.741 

8.759 

Again  annealed  . 

.  .  8.751 

8.769 

Tempered  .... 

.  .  8.775 

8.792 

Annealed  .  .  . 

Tempered  .  •  • 
Annealed  .  .  •  • 
Tempered .  .  .  . 
Annealed  .  •  •  • 
Tempered  .  .  •  • 
Again  tempered  . 
Annealed  .  .  •  • 


Specific  gravities. 

in.  iv. 

.  .  8.752  8.686 

.  .  8.780  8.713 

.  .  8.777  8.714 

.  .  8.804  8.736 

.  .  8.815  8.750 

.  .  8.841  8.774 

.  .  8.850  8.787 

.  .  8.807  8.760 


These  experiments  show  that  the  specific  giavity  o  11 
fin  alloys-  with  18  to  21  per  cent,  tin  is  progressiv  el} 
by  repeated  tempering,  while  annealing  lias  a  contra  }  > 
less  powerful  effect,  i.  e.  the  decrease  in  the  specific  gravl 


78 


THE  METALLIC  ALLOYS. 


produced  by  annealing  is  unable  to  equalize  the  increase  bv 

t 

tempering,  so  that  by  alternate  tempering  and  annealing  a 
constant  average  increase  in  the  density  remains  perceptible 
The  limit  above  which  a  repetition  of  annealing  produces  no 
effect  has  not  been  determined. 

The  increase  in  the  specific  gravities  of  the  above-men¬ 
tioned  alloys  by  tempering  may  probably  be  closely  related 
to  liquation  decreased  by  rapid  cooling,  and  the  decrease  by 
annealing  to  liquation  promoted  by  slow  cooling. 

Alloys  pooiei  in  tin,  in  which  liquation,  as  a  rule,  is  less 
perceptible,  show,  however,  a  different  behavior.  By  re- 

epeated  tempering  and  annealing,  Riche  found  the  following 
specific  gravities : 


Alloys  with  12  per  cent.  tin. 


Tempered  . 
Annealed  . 
Tempered  . 
Annealed  . 
Tempered  . 


Specific  gravities. 
.  .  .  8.625 
.  .  .  8.632 
.  .  .  8.624 
.  .  .  8.635 
.  .  .  8.632 


Alloys  With  10  per 


cent,  tin . 


Cast  .  .  . 

•  •  •  , 

Tempered  . 
Annealed  . 
Tempered  . 
Annealed 
Tempered  . 
Annealed 

•  •  » 

Tempered  . 


i. 

8.564 

8.516 

8.528 
8.532 
8.536 

8.529 
8.526 
8.526 


'  Urther  the  same  alloy 


Specific  gravities. 


n. 

8.677 

8.635 

8.643 

8.645 

8.648 

8.648 

8.643 

8.626 


Hi. 

8.684 

8.657 

8.670 

8.671 
8.674 
8.673 
8.676 
8.664 


IV. 

8.491 

8.428 

8.431 

8.437 

8.434 

8.436 

8.436 

8.436 
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Specific  gravities, 
v.  VI. 

^ast .  8.541  8.705 

Annealed . 8.491  8.689 

Tempered .  8.495  8.684 

Annealed . 8.504  8.692 

Tempered .  8.505  8.693 

Annealed .  8.479  8.651 

Tempered .  _  8.661 

Alloys  with  6  per  cent.  tin. 

Specific  gravities.  Specific  gravities. 

i.  ii.  in. 

Cast .  8.537  Oast . 8.519 

Tempered . 8.491  ,  Annealed .  8.492  8.807 

Annealed . 8.501  Tempered .  8.491  8.806 

Tempered .  8.502  Annealed .  8.496  8.802 

Annealed .  8.507  Tempered .  8.495  8.804 


Tempered .  8.505  Annealed .  8.496  8.809 


A  glance  at  the  above  tables  shows  that,  as  in  alloys  richer 
in  tin,  an  increase  in  the  specific  gravity  cannot  be  obtained 
by  repeated  tempering  and  annealing,  but  that  rather  a 
decrease  takes  place,  and  that  in  some  cases  the  effect  of  one 
tempering  results  in  a  decrease  of  density,  and  of  annealing 
in  an  increase  ;  further,  that  the  poorer  the  alloy  is  in  tin  the 
sooner  the  limit  is  reached  at  which  further  treatment  of  the 
alloy  produces  no  change  in  the  specific  gravity. 

By  mechanical  working — hammering,  pressing,  rolling 
the  specific  gravity  of  copper-tin  alloys  is  increased. 

Copper-zinc  alloys.— By  experiments  executed  in  the  same 
manner  as  with  copper-tin  alloys,  Riche  obtained  the  follow  - 
ing  results : 
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the  metallic  alloys. 


Composition  of  the  alloys  ex¬ 
amined. 

Specific  gravities. 

Copper. 

Zinc. 

Atomic 

formula. 

Found. 

Calcu¬ 

lated. 

Diffe 

Expan¬ 

sion. 

rence.  ) 

Contrac¬ 

tion. 

100.00 

r 

8.890 

_ 

1  _ 

_ 

90.65 

9.35 

ZnCu10 

8.834 

8.707 

— 

0.127 

85.34 

14.66 

ZnCu6 

8.584 

8.602 

0.018 

— 

79.51 

20  49 

ZnCu4 

8.367 

8.489 

0.122 

— 

65.98 

34.02 

ZnCu2 

8.390 

8.345 

— 

0.045 

59.26 

40.74 

Zn2Cu3 

8.329 

8.119 

— 

0.210 

49.23 

50.76 

ZnCu 

8.304 

7.947 

— 

0.357 

39.27 

60.73 

Zn;tCu2 

8.171 

7.783 

— 

0.388 

32.66 

67.14 

Zn2Cu 

8.048 

7.679 

— 

0.369 

19.52 

80.48 

Zn4Cu 

7.863 

7.478 

_ 

0.385 

10.82 

89.18 

Znd«  yU 

7.315 

7.351 

0.036 

— 

100.00 

i 

Zn 

7.200 

— 

Similar  figures  were  obtained  by  Calvert  and  Johnsc 
bile  w ith  an  increasing  content  of  zinc  a  steady  reducti 
the  specific  gravity  seems  to  take  place,  alloys  with  40 
1  er  cent,  zinc  show  quite  considerable  contraction. 

SeneS  °f  exPenments  similar  to  the  above  mention 
all°ys  made  by  Riche  show  1,  that  * 
ccnU  °  graV“y  °f  C0PPer‘z'nc  alloys  richer  in  zinc  (35  1 
pcrinJ ISSu!lCleaSed  ^  mechailical  working  as  well  as  by  »• 
almost  entirely' f"'™1  bein§  larSely  and  0ccasl0l’a 
specific  gravSs  or^  *  2’  **  ‘ 

effected  by  such  treatment  P°°r  “  Zin°  (9  per  ^  ' 

Copper-zinc  alloys  K,  ; 

gravities  of  c0pper.silv  marsch  has  determined  the  sped 

remove  the  influence  f  &^oys  *n  a  coined  state  (coin5) 
in  the  subjoined  table°  P°r°sity’  and  found  the  values  glV 
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general  properties  of  alloys. 


Composition  of  the 
alloys  examined. 


Silver. 

Copper. 

100 

. 

94.4 

5.6 

89.3 

10.7 

81.0 

19.0 

75.0 

25.0 

66.3 

33.7 

62.5 

37.5 

56.25 

43.75 

51.21 

48.79 

49.65 

50.35 

42.43 

57.57 

36.7 

63.3 

33.3 

66.7 

30.4 

69.6 

29.5 

70.5 

22.4 

77.6 

22.0 

78.0 

- 

1 

100 

Specific  gravities. 


Found. 


10.547 

10.358 

10.304 

10.164 

10.065 

9.927 

9.870 

9.761 

9.679 

9.650 

9.532 

9.439 

9.383 

9.333 

9.317 

9.203 

9.190 

8.956 


Calculated. 


Difference. 


Expansion. 


Contraction. 


10.399 

10.351 

10.203 

10.098 

9.951 

9.890 

9.786. 

9.706 

9.681 

9.568 

9.482 

9.430 

9.386 

9.371 

9.269 

9.264 


0.041 

0.047 

0.039 

0.033 

0.024 

0.020 

0.025 

0.027 

0.031 

0.036 

0.043 

0.047 

0.053 

0.054 

0.066 

0.074 


The  series  throughout  shows  expansion,  it  being  most  pro¬ 
nounced  in  alloys  richest  in  copper,  then  decreases  regularly  to 
the  alloy  with  37.5  per  cent,  copper  and  from  there  on  increases 
again  with  the  increasing  content  of  silver.  Nevertheless  the 
greatest  expansion  does  not  attain  the  same  extent  as  that  in 
copper-tin  and  copper-zinc  alloys. 

Copper-gold  alloys.  Roberts  has  determined  the  specific 
gravities  of  some  alloys  richer  in  gold  in  the  form  of  blanks, 

and  obtained  the  following  values : 

6 
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Composition  of  the  !  c, 

alloys  examined.  fepecmc  gravities. 


Gold. 


Copper.  Found.  Calculated. 


100 

98.01 

96.88 

95.83 

94.84 

93.85 
93.20 
92.28 
90.05 
88.05 
86.14 


1.99 

3.12 

4.17 

5.16 

6.15 

6.80 

7.72 

9.95 

11.95 

13.86 

100.00 


19.3203 

18.8335 

18.5805 

18.3562 

18.1173 

17.9340 

17.7911 

17.5680 

17.1653 

16.6082 

16.4832 

8.725 


Difference. 


Expansion. 


18.8355 

18.5804 

18.3605 

18.1378 

17.9301 

17.7956 

17.6087 

17.1750 

16.8047 

16.4630 


Contraction. 


0.0043 

0.0205 


0.0030 

0.0001 


0.0045 

0.0407 

0.0097 


0.0039 


0.0015 

0.0202 


ex  “  g  t0  ‘he  above  table  neither  regularly  progress 
-  Hr  C°"0n  ‘akeS  pIa<*'  -ost  cases  the 

“  71  f°Und  and  Caleulatol  ar-fie  gravitie 
extremely  small,  and  hence  itmo  u 

in  volume  is  not  caused  at  1  7  6  SUPP  that  a  chal 

For  practical  life  this  is’of  ■  “0t  the  aIlo>’s  eXamin 

calculating  the  content  of  ™P°rtance  in  80  far  as  allows 

gravity.  ®  ln  a  gold  coin  from  its  sped 

Sifoer-gold  alloys.  Jwpr  . 

the  following  results  •  millations  by  A.  Matthiessen  ga 
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Composition  of  the  alloys 
examined. 

Specific  gravities. 

Silver. 

Gold. 

Atomic 

formula. 

Found. 

Calcu¬ 

lated. 

Difference. 

Expan¬ 

sion. 

I  Contrac¬ 
tion. 

100.0 

76.5 

68.7 

52.3 

35.4 

21.5 
12.0 

8.3 

23.5 
31.3 
47.7 

64.6 
78.5 
88.0 

91.7 
100.0 

Ag 

Ag6Au 

Ag4Au 

Ag2Au 

AgAu 

AgAu, 

AgAu4 

AgAu6 

Au 

1 

10.468 

11.760 

12.257 

13.432 

14.870 

16.354 

17.540 

18.041 

19.265 

11.715 

12.215 

13.383 

14.847 

16.315 

17.493 

17.998 

|  _ 

0.045 

0.042 

0.049 

0.023 

0.039 

0.047 

0.043 

Hence  in  alloying  the  two  metals  contraction,  though  to  an 
inconsiderable  extent,  takes  place  throughout. 

Lead-gold  alloys,  according  to  Matthiessen  : 


Composition  of  the  alloys 
examined. 


Specific  gravities. 


Silver. 

Lead. 

Atomic 

formula. 

I 

Calcu¬ 

Difference. 

Found. 

.  . 

lated. 

Expan¬ 

sion. 

Contrac¬ 

tion. 

100 

_ 

Pb 

11.376 

_ 

91.3 

8.7 

PbJ0Au 

|  11.841 

11.794 

— 

0.047 

84.0 

16.0 

Pb5Au 

12.274 

12.171 

— 

0.103 

80.8 

19.2 

Pb4Au 

12.445 

12.346 

— 

0.099 

76.1 

23.9 

Pb3Au 

12.737 

12.618 

— 

0.119 

67.7 

32.3 

Pb2Au 

13.306 

13.103 

— 

0.203 

51.2 

48.8 

PbAu 

14.466 

14.210 

— 

0.256 

34.6 

65.4 

PbAu2 

15.603 

15.546 

— 

0.057 

20.8 

79.2 

PbAu4 

17.013 

16.832 

— 

0.181 

100 

Au 

19.265 

~  1 

— 

— 

Hence  contraction  takes  place  in  all  proportions  and  is  con¬ 
siderably  greater  than  in  silver-gold  alloys. 
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Silver-lead  alloys ,  according  to  Matthiessen  : 


Composition  of  the  alloys 
examined. 

Specific  gravities. 

Silver. 

| 

Lead. 

Atomic 

formula. 

Found. 

Calcu¬ 

lated. 

Difference. 

Expan¬ 

sion. 

Contrac¬ 

tion. 

100.0 

67.6 
51.0 
34.2 

20.6 
11.5 

4.5 

2.0 

32.4 
49.0 
65.8 

79.4 

88.5 

95.5 
98.0 

100 

Ag 

Ag4Pb 

Ag2Pb 

AgPb 

AgPb2 

AgPb4 

AgPb10 

fb™ 

10.468 

10.800 

10.925 

11.054 

11.144 

11.196 

11.285 

11.334 

11.376 

10.746 

10.894 

11.048 

11.175 

11.263 

11.327 

11.355 

0.031 

0.067 

0.042 

0.021 

1 

0.054 

0.031 

0.006 

.  shows  a  quite  regular  course.  The  alio}1 

tv  a’fp  ^tU<^  ^ossess  a  ^ess  specific  gravity  than  calculated 

With  the  “  Ulltil  the  laT 

creases  with  a  ^  ^  here  on  the 

with  34  per  cent  ^  ln°rease  in  the  content  of  silver,  a»( 
place,  the  extent  of  con  COntractlon  instead  of  expansion  take 
of  silver.  raction  growing  also  with  the  con 


Antimony-tin  alloys 


accord! n 


§  to  hong : 
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Composition  of  the  alloys 
examined. 

Specific  gravities. 

Anti¬ 

mony. 

Tin. 

Atomic 

formula. 

Found. 

Calcu¬ 

lated. 

Difference. 

/ 

Expan¬ 

sion. 

Contrac¬ 

tion. 

100.0 

— 

Sb 

6.713 

___ 

92.6 

7.4 

Sb12Sn 

6.739 

6.752 

0.013 

_____ 

89.2 

10.8 

Sb8Sn 

6.747 

6.770 

0.023 

_ 

88.1 

11.9 

Sb4Sn 

6.781 

6.817 

0.036 

_ 

67.7 

32.3 

Sb2Sn 

6.844 

6.889 

0.045 

— 

51.4 

48.6 

SbSn 

6.929 

6.984 

0.055 

_ 

34.5 

65.5 

SbSn2 

7.023 

7.082 

0.059 

— 

26.0 

74.0 

SbSn3 

7.100 

7.133 

0.033 

— 

17.4 

82.6 

SbSn5 

7.140 

7.186 

0.046 

— 

9.5 

90.5 

SbSn10 

7.208 

7.234 

0.026 

— 

5.0 

95.0 

SbSn20 

7.276 

7.262 

— 

0.014 

2.1 

97.9 

SbSn50 

7.279 

7.281 

0.002 

— 

1.0 

99.0 

SbSn100 

7.284 

7.287 

0.003 

— 

100.0 

Sn 

7.294 

"  * 

1 

Hence  expansion  takes  place  almost  throughout,  increasing 
from  both  ends  of  the  series  and  reaching  the  highest  extent 
in  alloys  containing  from  50  to  65  per  cent.  tin.  Deviations 
from  the  regular  course  of  the  series  may  probably  be  due  to 
fortuitous  circumstances  in  the  preparation  of  the  alloys. 

Antimony-bismuth  alloys ,  according  to  Holzmann  : 


Composition  of  the  alloys 
examined. 

Specific  gravities. 

Found. 

Calcu¬ 

lated. 

Difference. 

Anti-  i 

mony. 

Bismuth. 

Atomic 

formula. 

Expan¬ 

sion. 

Contrac¬ 

tion. 

100 

54.0 

37.1 

22.7 

12.8 

8.9 

46.0 

62.9 

77.3 

87.2 

91.1 

100 

1 

Sb 

Sb2Bi 

SbBi 

SbBi2 

SbBii 

SbBi6 

Bi 

6.713 

7.864 

8.392 

8.886 

9.277 

9.435 

9.823 

78.56 
83.85  , 

88.88 
92.72 
94.33 

" 

0.002 

0.008 

0.007 

0.005 

0.002 
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The  difference  between  calculated  and  found  specific  gravi 
ties  is  so  small  that,  at  least  with  alloys  purer  in  antimony,  it 
may  be  supposed  that  the  volume  remains  unchanged.  A 
slight  contraction  seems  to  take  place  only  with  a  higher  con¬ 
tent  of  antimony. 

Antimony  lead-alloys  according  to  Matthiessen  : 


Composition  of  the  alloys 
examined. 


Specific  gravities. 


6.713 

8.201 

8.989 

9.811 

10.144 

10.586 

10.930 

11.194 

11.376 


Calcu¬ 

lated. 


8.268 

9.045 

9.822 

10.211 

10.599 

10.952 

11.196 


Difference. 

Expan¬ 

Contrac¬ 

sion. 

tion. 

0.067 

0.056 

_ 

0.011 

— - 

0.067 

— ‘ 

0.013 

— ‘ 

0.022 

— 

0.002 

— 

througW  fnZXl  SeT  T11"8’  eXPanSi°n  tak<? 

cent,  antimony  Thv.i  ,  11  tt  loys  Wlth  more  than 

in  alloys  poorer  in  ^  t&  S°  f°Ulld  exPansion,  but  cont 
mum  of  0  02^  h,  •  mony  and  richer  in  lead,  the 

cent,  lead  (SbPb,).  m  an  alloy  with  about 

Calvert  and  Tnh« 

all°ys-  11  °Ulld  exPansion  in  all  antimoi 

'Fin-cadmium,  allmi* 

wording  to  Matthiessen : 
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Composition  of  the  alloys 
examined. 

Specific  gravities. 

Tin. 

Cad¬ 

mium. 

Atomic 

formula. 

Found. 

Calcu¬ 

lated. 

Difference. 

Expan¬ 

sion. 

Contrac¬ 

tion. 

100.0 

- 

Sn 

7.294 

___ 

_ 

_ 

86.1 

13.9 

Sn6Cd 

7.434 

7.456 

0.022 

— 

80.5 

19.5 

Sn4Cd 

7.489 

7.524 

0.035 

— 

73.2 

26.8 

Sn2Cd 

7.690 

7.687 

— 

0.003 

50.8 

49.2 

SnCd 

7.904 

7.905 

— 

0.001 

34.1 

65.9 

SnCd2 

8.139 

8.137 

. — 

0.002 

20.5 

79.5 

SnCd4 

8.336 

8.335 

— 

0.001 

14.7 

85.3 

SnCd6 

8.432 

8.424 

— 

0.008 

— 

100.0 

Cd 

8.655 

1 

~ 

The  alloys  richer  in  tin  plainly  show  expansion,  which, 
however,  disappears  when  the  content  of  tin  amounts  to  less 
than  about  75  per  cent. 

Tin-bismuth  alloys ,  according  to  Carty  : 


Composition  of  the  alloys 
examined. 


Tin. 


Bismuth.  Atomic 
i  formula. 


100.0 

92.4 
69.0 

62.5 

62.7 

35.8 

21.8 
12.2 

3.3 

2.3 

1.3 
0.5 


7.6 

31.0 

37.5 
47.3 

64.2 

78.2 
87.8 

96.7 

97.7 

98.7 

99.5 

100.0 


Sn 

Sn22Bi 

Sn4Bi 

Sn3Bi 

Sn.,Bi 

SnBi 

SnBi2 

SnBi4 

SnBi8 

SnBil2 

SnBi20 

SnBi^ 

Bi 


Specific  gravities. 


Found. 

Calcu¬ 

lated. 

7.294 

— 

7.438 

7.438 

7.943 

7.925 

8.112 

8.071 

8.339 

8.305 

8.772 

8.738 

9.178 

9.132 

9.435 

9.423 

9.614 

9.606 

9.675 

9.674 

9.737 

9.731 

9.774 

9.792 

9.823 

Difference. 


Expan¬ 

sion. 

Contrac¬ 

tion. 

— 

0.018 

0.041 

0.034 

0.034 

0.046 

_ 

0.012 

0.008 

0.001 

- 

0.006 

0.018 

— 
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These  alloys  show  contraction  almost  throughout,  it  reach 
ing  its  gieatest  extent  in  the  alloy  with  c8  per  cent,  bismuth 
and  from  there  on  decreases  with  an  increasing  content  of 
bismuth  and  decreasing  content  of  tin.  Riche  obtained  very 

similar  results,  he  finding  the  maximum  contraction  in  the 
alloy  Sn2Bi5. 

Tin-silver  alloys,  according  to  Holzmann  : 


Composition  of  the  alloys 
examined. 


Tin. 


100.0 

95.1 
90.6 
86.5 
76.3 

68.2 
52.2 
34.9 
21.1 


Silver. 


4.9 

9.4 

13.5 

23.7 

31.8 

47.8 
65.1 

78.9 
100.0 


Atomic 

formula. 

(  Sn 

^nisAg 

Sn9Ag 

kn6Ai£ 

Sn3Ag 

Sn,Ag 

SnAg 

g"Ag2 

SnAg, 

Ag 


Found. 


7.294 

7.421 

7.551 

7.666 

7.963 

8.223 

8.828 

9.507 

9.953 

10.468 


Specific  gravities. 


Calcu¬ 

lated. 


Difference. 


Expan- 

sion- 


7.404 

7.507 

7.603 

7.858 

8.071 

8.543 

9.086 

9.585 


Contrac¬ 

tion. 


0.017 

0.044 

0.063 

0.105 

0.152 

0.205 

0.421 

0.368 


increases  with  thp  r.  °*181^era^e  contraction,  which  general! 
with  65  per  cent  silve  lver  anc^  reaches  its  maxiniui 

Tin-lead  alloy ,,  according  to  Long  : 
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Composition  of  the  alloys 
examined. 

Specific  gravities. 

i 

Tin. 

Silver. 

Atomic 

formula. 

Found. 

Calcu¬ 

lated. 

Difference. 

Expan¬ 

sion. 

Contrac¬ 

tion. 

100.0 

_ 

Sn 

7.924 

_ 

_ 

_ 

77.0 

23.0 

Sn6Pb 

7.927 

7.948 

0.021 

— 

69.0 

31.0 

Sn4Pb 

8.188 

8.203 

0.015 

— 

52.7 

47.3 

Sn.Pb 

8.779 

8.781 

0.002 

— 

35.8 

64.2 

SnPb 

9.460 

9.474 

0.014 

— 

21.8 

78.2 

SnPb2 

10.080 

10.136 

0.056  i 

— 

12.2 

87.8 

SnPb4 

10.590 

10.645 

0.055 

— 

8.5 

91.5 

SnPb6 

10.815 

10.857 

0.042 

— 

— 

100.0 

Pb 

i  1 

11.376 

All  the  tin-lead  alloys  examined  show  expansion,  the  maxi¬ 
mum  being  reached  with  a  content  of  lead  of  about  80  per 
cent.  Pillichody  obtained  similar  results,  only  he  found  con- 
siderably  greater  expansion  (minimum  0.29  in  the  alloy 
SnPb4 ;  maximum  in  the  alloy  SnPb.)  ;  Kupffer,  Thompson, 
as  well  as  Calvert  and  Johnson,  found  expansion  throughout. 

Tin-gold  alloys ,  according  to  Holzmann  : 


Composition  of  the  alloys 
examined. 

Specific 

Found. 

Calcu¬ 

lated. 

Tin 

Gold. 

1 

Atomic 

formula. 

100.0 

Sn 

7.294 

— 

96.6 

3.4 

Sn~.Au 

7.441 

7.446 

90.7 

9.3 

Sn?5Au  i 

7.801 

7.786 

84.2 

15.8 

Sn9Au 

8.118 

8.092 

77.9 

22.1 

Sn6Au 

8.470 

8.452 

70.3 

29.7 

Sn4Au 

8.931 

8.951 

63.8 

36.2 

Sn3Au 

9.405 

9.407 

59.5 

40.5 

Sn5Au2 

9.715 

9.743 

54.0 

46.0 

Sn2Au 

10.168 

10.206 

47.0 

53.0 

Sn3Au2 

10.794 

10.885 

37.0 

63.0 

SnAu 

11.833 

11.978 

22.7 

77.3 

SnAu2 

14.243 

14.028 

12.8 

87.2 

SnAu4 

16.367 

15.913 

— 

100.0 

Au 

19.265 

‘ 

Difference. 


0.005 


0.020 

0.002 

0.028 

0.038 

0.091 

0.145 


0.015 

0.026 

0.018 


0.216 

0.454 
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This  series  exhibits  a  peculiar  course :  The  alloys  riches  4 
gold  show  strong  contraction,  those  with  a  medium  conteK 
gold,  expansion,  and  those  lowest  in  gold,  again  slight  ©*. 
traction.  It  must,  however,  be  remarked  that  with  the  gitc 
difference  in  the  specific  gravities  of  the  separate  mater- 
constituting  the  alloys,  even’  small  variation  in  the  actsi 
specific  gravity  and  that  upon  which  the  calculation  is  base: 
is  more  perceptible  than  with  approximately  equal  specif; 
gravities,  and  hence  a  small  error — especially  in  the  last  mo¬ 
tioned  contraction — may  perhaps  be  supposed. 

Cadmium-bismuth  alloys ,  according  to  Matthiessen : 


Composition  of  the  alloy- 
examined. 


Cad¬ 

mium. 


100.0 

61.7 

51.8 
35.0 
•>1  o 

11.8 
6.3 
A3 


Bismuth.  Atomic 

formula 


Specific  gravities. 


Found. 


Calcu¬ 

lated. 


38.3 

48.2 
65.0 
78.8 

88.2 

93.7 

95.7 
100.0 


Cd 

CdjBi 

Cd,Bi 

CdBi 

CdBL 

CdBi] 

CdBi* 

CdBi„ 


Difference. 


Expan-  Conn**' 
sion. 


8.655 

9.079 

9.195 

9.388 

9.554 

9.669 

9.737 

9.766 

9.823 


9.067 

9.181 

9.380 

9.550 

9.668 

9.740 

9.766 


aotf 

aou 

ao* 

0.001 

O.twl 


0.003 


- - ...  1 _ _ 

These  alloys  show  slight  contra  .• 
middle  of  the  series  until  ,t  ‘lon’  'creasing  towa 
proximately  the  same  8  °f  both  meta.- 

Cadmium-lead  alloy* 

aceordtng  to  Hohmann : 
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Composition  of  the  alloys 
examined. 

Specific  gravities. 

Cad¬ 

mium. 

Lead  . 

Atomic 

formula. 

Found. 

Calcu¬ 

lated. 

Diffe] 

Expan¬ 

sion. 

rence. 

Contrac¬ 

tion. 

100.0 

_ 

Cd 

8.655 

— 

— 

— 

77.2 

22.8 

Cd6Pb 

9.160 

9.173 

0.013 

— 

68.2 

31.8 

Cd4Pb 

9.353 

9.364 

0.011 

— 

51.8 

48.2 

Cd2Pb 

9.755 

9.780 

0.025 

— 

85.0 

65.0 

CdPb 

10.246 

10.246 

— 

— 

21.2 

78.8 

CdPb2 

10.656 

10.663 

0.007 

— 

11.8 

88.2 

CdPb4 

10.950 

10.966 

0.016 

— 

8.8 

91.7 

CdPb6 

11.044 

11.088 

0.044 

— 

— 

100.0 

Pb 

11.376 

1 

This  series  is  not  distinct,  but  expansion,  which  generally 
increases  with  the  content  of  lead,  may  be  inferred  from  it. 
Bismuth-silver  alloys ,  according  to  Holzmann  : 


Composition  of  the  alloys 

Specific  gravities. 

— 

Difference. 

Calcu¬ 

Bismuth. 

Silver. 

Atomic 

formula. 

Found. 

| 

lated. 

Expan¬ 

sion. 

Contrac¬ 

tion. 

100.0 

99.0 

97.8 

96.0 

92.0 

88.5 

79.4 

65.8 
49.0 

32.5 

1.0 

2.2 

4.0 

8.0 

11.5 

20.6 
34.2 
51.0 
67.5 

100.0 

1 

Bi 

Bi50Ag 

Bi24Ag 

Bi12Ag 

Bi6Ag 

Bi4Ag 

Bi2Ag 

BiAg 

1  BiAg2 
BiAg4 
Ag 

9.823 

9.813 

9.820 

9.836 

9.859 

9.899 

9.966 

10.068 

10.197 

10.323 

10.468 

9.829 

9.836 

9.848 

9.871 

9.893 

9.949 

10.034 

10.141 

10.249 

0.016 

0.016 

0.012 

0.012 

0.006 

0.017 

0.034 

0.056 

0.074 

The  alloys  richest  in  bismuth  exhibit  slight  expansion,  but 
contraction  with  an  increasing  content  of  sil\ei. 

Bismuth-lead  alloys ,  according  to  Cm ty  • 
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Composition  of  the  alloys 
examined. 


Atomic 

formula. 

Bi 

Bis0Pb 

Bi,fiPb 

BigPb 

Bi4Pb 

Bi„Pb 

BiPb 

BiPb., 

BiPb. 

BiPb 

BiPb. 


Specific  gravities. 


Found. 


Calcu¬ 

lated. 


Difference  I 


Bi 


'12 


9.823 
9.893 
9.934 
10.048 
10.23o 
10.538 
10.950 
11.141 
11.161 
11.188 
11.190 
11.280 
1 1 .370 


Expan¬ 

sion. 


9.887 

9.902 

9.974 

10.048 

10.290 

10.541 

10.805 

10.942 

11.020 

11.083 

11.238 


Contrao ' 
tion.  I 


0.032 

0.074 

0.137 

0.248 

0.415 

0.336 

0.219 

0.162 

0.113 

0.042 


These  alloys  show  «  . 

both  ends  of\he  ontraotion  increasing  regularly  fr 
alloy  with  50  '  anes’  an^  reaching  the  maximum  in ' 

results  were  obtn'inrf  bv ' 50  Parte  1<>ad'  ^ 

able  and  exceeds  tl  *.  UC*le‘  The  contraction  is  consid 
Bivnuth-gold  nil  *  1Uaily  all  other  alloys. 

- -i^^ording  to  Holsmann  ; 


Bismuth. 


Cold. 

Atomic 

formal*. 

Found. 

i  ' — - 

4.« 

10.0 

19.2 

32.2 

48.7 

65.5 

100.0 

~Bi~  ‘j 

{!!«>An 

!«oAu 

S!«Au 

§!«Au 

jJlAu' 

9.823  ' 

9.942 
}0.07(j 

19  452 
H.02.5 

12  06? 
13.403 

]4.844 

19.265 

Specific  gravities. 


9.935 
10.046 
10.360 
10.840 
1 1 .059 
12.898 
14.462 


0.00' 

0.030 

0.092 

0.185 

0.408 

0.505 

0.382 
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With  an  increasing  content  of  gold  the  alloys  show  at  first 
considerable  contraction,  which  reaches  the  maximum  with 
about  50  per  cent,  of  gold,  and  then  decreases  with  a  further 
increase  in  gold. 

Tin-mercury  alloys  (tin  amalgams),  according  to  Holzmann  : 


Composition  of  the  alloy 
examined. 

Specific  gravities. 

Found. 

Calcu¬ 

lated. 

Difference. 

I 

Tin. 

Mercury. 

Atomic 

formula. 

Expan¬ 

sion. 

Contrac¬ 

tion. 

100.0 

53.7 

36.7 

22.5 

46.3 

63.3 
77.5 

100.0 

Sn 

Sn2Hg 
Sn  Hg 
SnHg2 
Hg 

7.294 

9.362 

10.369 

11.456 

13.573 

9.232 

10.313 

11.373 

— 

0.080 

0.056 

0.083 

The  alloys  show  perceptible  and  approximately  equal  con¬ 
traction.  The  same  results  were  obtained  by  Calvert  and 
Johnson. 

Lead-mercury  alloys  ( lead  amalgams)  according  to  Mat 
thiessen  : 


w 


Composition  of  the  alloys 
examined. 

Specific  gravities. 

ATI  CO 

1 

Calcu¬ 

JJlIIcI 

CllvC  « 

Lead. 

Mercury. 

Atomic 

formula. 

Found. 

! 

lated. 

Expan¬ 

sion. 

Contrac¬ 

tion. 

100.0 

67.4 

50.8 

34.1 

32.6 

49.2 

65.9 

100.0 

Pb 

Pb2Hg 

Pbllg 

PbHgj 

Hg 

1 

11.376 

11.979 

12.484 

12.815 

13.573 

12.008 

12.358 

12.734 

0.029 

0.126 

0.081 
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General  conclusions.  All  the  alloys  examined  may  |)f, 
divided  into  three  groups : 


Group  I. 


Alloys  ivhich  plainly 
show  contraction : 

Copper-tin. 

Copper-zinc  with  35  to 
80  per  cent.  zinc. 

Silver-gold  (slight  con¬ 
traction). 

Lead-gold. 

Lead-silver  with  more 
than  30  per  cent,  sil¬ 
ver. 

Tin-bismuth. 

Tin-silver. 

Tin-gold  with  more 
than  75  percent,  gold. 

Cadmium-bismuth 

with  more  than  lo 
per  cent,  cadmium 
(slight  contraction). 

Bismuth-silver  with 
more  than  10  percent, 
silver. 

Bismuth-lead. 

Bismuth-gold. 

Tin-mercury. 

Lead-mercury  with 
more  than  40  per 
cent,  mercury. 


Group  II. 


Alloys  which  plainly 
show  expamion  : 

Copper-silver. 

Lead-silver  with  more 
than  70  per  cent.  lead. 

Antimony-tin. 

Antimony-lead. 

Tin-cadmium  with 
more  than  75  per 
cent.  tin. 

Tin-lead. 

Tin-gold  with  more 
than  25  per  cent.  tin. 
Cadmium-lead. 


Group  III. 


Alloys  which  do  not 
show  plainly  either 
expansion  or  con¬ 
traction  : 

Copper-gold. 

Antimony-bismuth. 

Tin-cadmium  with  less 
than  75  per  cent.  tin. 


recognized  te  ^®“lanty  ln  the  behavior  of  the  metals  c 

antimony,  expansion,  thole'0'1’  ^  °therS’  inSta,Ce’ 
cadmium  which  8X6  StlU  others’  such  as  CC 
th<*e  can  be’ no  doubTT  in  a11  the  gI 

actions  of  the  separate  ^  CGrtain  chemical  Proces‘ 
this  respect,  Xf  for  i  one  another  play  a  r< 

own  oxides  (COn  a  meta^  capable  of  disso 

decreasing  thereby  fog  |ssolves  cuprous  oxide,  etc.) 

Pecifie  gravity,  and  it  is  alloyed 
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another  metal  which  acts  in  a  reducing  manner  upon  the 
dissolved  oxide,  without  that  the  newly  formed  product  of 
oxidation  is  dissolved,  contraction  will  evidently  take  place. 
But  if,  on  the  contrary,  a  metal,  for  instance,  silver  possesses, 
while  in  a  liquid  state,  the  power  of  dissolving  oxygen,  which 
escapes  from  the  pure  metal  during  the  process  of  solidifying, 
and  this  metal  is  alloyed  with  another  metal  which  is  oxi¬ 
dized  by  the  dissolved  oxygen  and  whose  product  of  oxidation 
is  dissolved  hy  the  metal-bath  (copper),  the  specific  gravity 
will  evidently  be  decreased  in  consequence  of  this  solution  of 
oxides,  and  expansion  take  place. 

From  such  or  similar  processes  many  apparent  contradic¬ 
tions  or  irregularities  in  the  series  of  specific  gravities  might 
also  be  deduced. 

c.  Crystallization.  It  has  previously  been  mentioned  that 
various  alloys  show  a  decided  tendency  towards  crystalliza¬ 
tion,  which,  however,  does  not  furnish  a  proof — as  has  fre¬ 
quently  been  supposed — of  the  presence  ot  chemical  combi¬ 
nations  of  the  metals  with  each  other. 


If  the  alloy  consists  of  metals  which  crystallize  in  the  same 
system,  the  crystals  of  the  alloy  also  belong,  as  a  rule,  to  this 
system;  otherwise  the  alloy  generally  crystallizes  in  one  of 


the  systems  of  the  separate  metals. 

Copper-tin  alloys  usually  crystallize  in  the  hexagonal 
system.  In  an  alloy  of  19  parts  copper  with  81  parts  tin, 
hammelsberg  found  regular  hexagonal  prisms,  liom  allo}s 
richer  in  copper  (bronzes),  crystals  several  centimeters  in 
length  may,  according  to  Kunzel,  be  obtained  by  allowing 
an  iron  plate  to  float  upon  the  liquid  metal-bath  not  heated 
too  much  above  the  fusing  point.  The  crystals  deposit  on  tin 
plate  with  their  principal  axis  at  a  right  angle  towards  the 
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cooling  surface  of  the  plate,  and  can  be  lifted  together  with  th 
latter  from  the  liquid  metal. 

Coppet'-zmc  alloys  crystallize  nearly  all  in  octahedrons  of  tU 
monometric  system,  and  in  the  hollow  spaces  of  castings  octa 
hedral  formations  of  considerable  size  are  not  unfrequentlJ 
found,  the  composition  of  which  by  no  means  shows  always  a  I 
chemical  combination  composed  according  to  atomic  pro¬ 
portions.  On  the  other  hand,  an  alloy  which  corresponds  to  j 
the  chemical  formation  ZnCu  (50.7  parts  zinc,  49.3  parts 


copper)  shows  a  peculiar,  long-fibrous  texture,  and,  according 
to  Calvert  and  Johnson,  crystallizes  in  prisms  frequently  oyer 
1  inch  in  length. 

Antimony-zinc  alloys  in  all  proportions  of  from  20  to  70  per 
zinc  )  ield  beautifully  developed  crystals  of  the  rhonCi 
,  those  i  iclier  in  zinc  being  generally  prisms,  and  those 
poorer  in  zinc,  octahedrons. 

silver,  lead-silver  and  silver-mercury  alloy*  crystallize |l! 
the  monometric  system.  '  ' 


ner  cent  alloVs  with  a  content  of  gold  between  27  ai 
crystallized  t ^2^1^  Pr°POrti°nS  ^  " 

alloy  contain^  lb^"1Ze  inthedimetric  system;  ^ 
iron  remains  behind  '  ’  Cent  tin  and  19,5  pCI 
rangular  prisms,  if  p.'  dCC01'dlng  to  Rammelsberg,  in  ‘ 

_  Wman^e  albyTlw  7  <lisS°lved  in  M™chlo"C 

o  to  7  per  cent,  carbon  ^  &  ride’  con^a^n  *n  ad 

veloped  rhombic  prisnis’  f^qUentl‘V  crystallize  in  finel) 
tals  are  found  in  all^‘  The  largest  and  most  perfect 
though  alloys  richer  i/*  WUh  30  to  per  cent,  manga 
tit>ns  of  crystals,  while  |n  ^ailese  also  show  distinct 

lo>s  "dth  less  than  25  per 
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manganese  the  independent  crystals  are  smaller  and  of  more 
rare  occurrence. 

For  the  practice  the  crystallization  of  alloys  is  of  import¬ 
ance  only  in  so  far  as  the  development  of  crystals  generally 

goes  hand  in  hand  with  a  deterioration  in  the  properties _ 

decrease  in  strength,  ductility,  etc.— and  besides  crystalliza¬ 
tion  is,  as  a  rule,  closely  related  to  liquation.  But  the  more 
slowly  a  casting  is  cooled  the  more  opportunity  the  metal  has 
to  follow  its  inclination  towards  crystallization  or  liquation, 
and,  hence,  it  may  be  laid  down  as  a  general  rule  that  crystal¬ 
lization  should  be  rendered  difficult  by  rapid  cooling  of  the 
castings. 

d.  Strength.  The  strength  of  metals  is  affected  in  a 
remarkable  manner  by  alloying  with  other  metals.  In  this 
case  also  the  strength  of  an  alloy  does  not  always  correspond 
with  the  arithmetical  mean  of  the  strengths  of  the  alloyed 
metals,  but  in  some  cases  is  less  and  in  others  greater,  many 
alloys  possessing  even  a  higher  degree  of  strength  than  each 
°i  the  constituent  metals. 

Copper-tin  alloys.  The  average  results  of  a  large  series  of 
experiments  made  by  the  direction  of  the  United  States  under 
die  direction  of  Prof.  Robert  H.  Thurston,  show  that  the 
strength  of  copper  may  be  considerably  increased  by  the  ad¬ 
dition  of  tin,  though  the  latter  by  itself  possesses  but  little 
strength.  The  increase  in  the  tensile  and  absolute  strength 
appears  to  attain  its  maximum  with  a  content  ol  about  17.o 
per  cent,  tin ;  with  a  further  enrichment  in  the  content  ol  tin 
d  rapidly  decreases  and  finally  approaches  gradually,  though 
Il(,t  with  entire  uniformity,  that  of  tin.  1  he  ciushing 
hength,  however,  reaches  its  maximum  only  \\  itli  30  per 

tin.  The  brittleness  of  the  alloy  increases  in  all  oases 
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with  the  content  of  tin,  and  only  when  the  latter  considerably 
exceeds  50  per  cent,  is  there,  in  this  respect,  a  gradual  ap¬ 
proach  to  the  properties  of  pure  tin.  Since,  however,  with 
content  of  over  20  per  cent,  tin,  the  strength  rapidly  decreases 
and  brittleness  increases  in  a  still  greater  degree,  it  is  evident 
that  where  great  strength  is  a  requisite,  alloys  richer  in  tin 
are  quite  worthless.  The  torsional  strength  of  copper-tin 
alloys  is  also  greatest  with  a  content  of  1 7.5  per  cent,  tin,  it 
decreasing  rapidly  with  a  higher  percentage. 

B}  the  addition  of  small  quantities  of  phosphorus  to  copper- 
tin  alloys  richer  in  copper,  their  strength  may  be  considerably 
increased  and  their  brittleness  decreased.  In  tin  alloys  with 
•  to  10  pci  cent,  tin  and  0.2  to  0.7  per  cent,  phosphorus, 
Kiinzel  found  the  average  modulus  of  absolute  strength  equal 
to  2350  kilogiammes  per  square  centimeter ;  ratio  of  the  limit 

elasticity  to  the  modulus  of  fracture,  0.535;  ratio  of  the 
total  elongation  to  the  original  length,  0.03. 

Copper-zinc  alloys.  Small  additions  of  zinc  also  increase  the 
S  rengt  1  °f  (:0IJPer>  though  its  influence  shows  itself  in  a  less 
~d  manner  than  that  of  tin-  Mallet  found  the  fob 

lg  Va  UGS  l0r  the  breaking  strength  of  copper-zinc  alloys' 
Alloys  with : 

Copper  90  parts,  zinc  lo 
zinc  11  ’  °PPer  88£  parts, 

Alloys  with  : 

Copper  OT.8  parts,  ^  j2 

parts,  zinc  25.-5. 

Alloys  with  : 

Copper  6(1  part,,  z|nc  M 
zinc  66.  ’ 


copper  74.5 


c°pper  34  parts, 


Alloy  with  : 

Copper  31.5  parte,  zinc  68.6 


Average  of  1850  kil"' 
grammes  per  squ»,l> 
centimeter. 

Average  of  2000  kil,)' 
grammes  per  squ!irt 
centimeter. 

Average  of  1000  kh° 
grammes  per  sq 1111,1 
centimeter. 

Average  of  320  kik 
grammes  per  sql 
centimeter. 
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All  alloys  richer  in  zinc  with  a  content  of  zinc  |  Aver»ge  of  340  kilo- 
up  to  83. 7  per  cent.  grammes  per  square 

I  centimeter. 


Notwithstanding  the  incompleteness  of  the  results,  it  may 
be  concluded  that  when  the  content  of  zinc  exceeds  about  60 
per  cent.,  the  alloy  loses  strength  so  rapidly  as  to  render  it 
worthless  for  most  purposes. 

Copper-nickel  and  copper-nickel-tin  alloys.  The  maximum 
strength,  according  to  KiinzePs  investigations,  appears  to  be 
attained  with  an  addition  of  about  10  per  cent,  nickel.  A 
^mall  quantity  of  tin  (up  to  5  per  cent.)  alloyed  with  the 
copper  in  addition  to  the  nickel,  considerably  increases  the 
strength  of  the  alloy,  but  if  the  content  of  tin  exceeds  this 
llmit’  the  strength  decreases.  With  a  content  of  up  to  10  per 
Gut.  nickel,  brittleness  is  not  sensibly  increased,  an  alloy  with 
1()  pei  cent,  nickel  being  far  less  brittle  than  an  alloy  with  10 
1,(1  cent.  tin.  Brittleness,  however,  is  immediately  increased 
^  a^ding,  in  addition  to  nickel,  tin  to  the  alloy. 

I  foio as  alloys  of  copper  with  manganese ,•  tin,  iron  and  zinc. 

10111  the  results  of  Kiinzel’s  investigations  the  following  de¬ 
ductions  may  be  made  : 


1  he  addition  of  manganese  to  copper  exerts  an  influence 
to  that  of  tin,  zinc  or  nickel,  i.  e.  the  strength  of  the 
b  is  increased.  An  alloy  of  copper  90  parts  and  manga- 
^  c  10,  possesses  approximately  the  same  strength  as  an  alloy 
t.  (0Pl)er  5,0  parts  and  nickel  10  or  tin  10,  but  is  less  tenacious 
tl(^  ^l0  ^°rraer’  tts  behavior  in  this  respect  being  similar  to 
^  a  C0Pper-tin  alloj"  with  90  per  cent.  tin. 
j  A%s  of  copper,  manganese  and  tin  possess  approx i- 
c  '  ^le  same  strength,  but  also  the  same  brittleness,  as 
r  alloys  with  the  same  content  of  copper. 


100 


THE  METALLIC  ALLOYS. 


b.  A  content  oi  a  few  per  cent,  iron  produces  a  favorable 
effect  upon  the  strength  similar  to  manganese.  Riche  ak, 
found  that  by  alloying  copper  with  2  to  4.5  per  cent,  iron  its 
strength  is  considerably  increased. 

4.  By  a  content  of  zinc  the  strength  of  a  cast  alloy  with  88 
per  cent,  copper  and  10  per  cent,  tin  is  not  injured  but  its 
permanent  elongation  before  breaking.  Uchatius,  however, 
found  a  perceptible  decrease  in  the  strength  of  cold-rolled  bap 
by  a  content  of  zinc. 

Copper-a l uminium  alloys. — By  alloying  copper  with  up  to 

10  per  cent,  aluminium  its  strength  is  considerably  increased, 

ev  en  to  a  greater  extent  than  by  the  addition  of  the  same 
quantity  of  tin. 

Copper-gold  and  copper-zinc  alloys.  By  alloying  copper  aid 
.  ^  ^  certain  quantities  of  copper  their  strength  is con 

'  <  ^  increased.  Karmarsch  found  the  breaking  strength 
l>er  square  millimeter  of  gold  and  silver  wires  as  follows: 


Silver,  fine..  . 

Silver  75,  copper  25  * . 

Gold,  fine  ...  *  *  *  * 

Gold  90.  copper  xo " . 

Gold  58.3,  copper  20.7,  silver  12 


Kilogrammes. 

•  32  to  41 

•  62.8  to  92.3 

•  20.3  to  33.2 

•  45.8 

92.9  to  111.5 


Kilogram  in 

18  to  19-< 

39.7  to  48.: 
17.1  to  18.1 

68.8  to  79.* 


•  111,0 

«•  Hardness.  bv  n  . 

ever  reduced,  whilei  ymS  metals  the  hardness  is 
°i  the  separate  metal  1Urnor°us  cases  it  is  greater  th 
tively  soft  metals  C011stituting  the  alloys.  Two  c 
greater  hardness  ttJT**1*  yidd  an  of  collS: 
and  m  working  metals  ljy  each  separate  com 

hardness  and  consequent  **  of  use  this  inC 

power  of  resisting  mechanic 
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is  frequently  the  only  reason  for  alloying  them  with  other 
metals.  This  increase  in  hardness  is  prominently  shown  in 
various  copper  alloys,  and  is  produced  chiefly  by  tin  which  in 
a  pure  state  is  comparatively  soft. 

B  rom  a  sei  ics  of  experiments  made  by  Calvert  and  Johnson 
the  following  proportional  figures  for  the  hardness  of  copper- 
tin  alloys  may  be  deduced  : 


Tin . 

Copper . . 

93  parts  copper,  7  parts  tin 
91.5  8.5  “ 

89  “  ii  “ 

34.8  “  15.7  “ 

21.2  u  78.8  “ 

10  “  90  *• 


1 

11.1 

22.2 

23.0 

28.5 

34 

5 

3.3 


Similar  results  were  obtained  by  Riche.  According  to  his 
experiments  the  hardness  of  copper-tin  alloys  rises,  from  pure 
tin  upwards,  with  an  increasing  content  of  copper  until  the 
Jatter  amounts  to  35  per  cent,  (atomic  proportion  CuSn). 
^  itli  a  further  enrichment  in  copper  the  alloys  become  so 
brittle  as  to  render  the  examination  unreliable  until  the  con- 
tent  °f  copper  amounts  to  80  per  cent.,  when  the  high  degree 
°f  hardness  gradually  decreases. 

According  to  an  observation  first  made  by  d’Arcet,  which 
b,ls  later  on  been  frequently  confirmed  and  utilized  for 
technical  purposes,  the  hardness  of  copper-tin  alloys  with  18 
to  22  Per  cent,  tin  decreases  by  heating  to  a  red  heat  and  cool- 
lllg  or  tempering  them  in  water.  Alloys  poorer  in  tin,  hov- 


are  not  sensibly  affected  by  this  treatment. 

an  addition  of  iron  or  manganese  the  hardness  of  coppci 


''oil  as  of  copper-tin 
(^pfr-zinc  alloys. 


alloys  is  increased. 
Zinc  also  increases 


the  hardness  of 
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^:rz:TZ::: 

St-— 


Zinc . 

Copper . 

Si  parts  copper,  17  parts  zinc  . 

79'5  “  20.5  “  to,' 

.  84  “  to ) 

49.5  it  . 

°0-5  “  to  . 


•  6.8 
.  11.1 
15.8 


1.74 
.  .  .22.3 


than  alloys  riche" V!' °  495  partS  C°Pper  hanl 

content  of  n  C0ppei.  With  a  further  decrease  in  tl 

*.  ^Sou,;"r  b~- 80  -  *** 

only  the  alloy  of]  0  8  ^  *  tgree  °*  hardness  did  not  succee 
again  be  tested  an  1  ^>ai^s  C0PPer  and  89.2  parts  zinc  coul 
49-5  parts  copper  0AUd  but  little  less  hardness  than  wit 

According  to  Q  1  r 

°f  copper,  tin  and  ■/  Johnson,  the  hardness  of  alloy 
alloys  with  the  same  **  leSS  tban  that  of  pure  copper-t” 
above  scale  a  copper-ti  <)f  ^n*  While  according  to  tin 

the  proportional  f} en,  Oo  11  Per  cent,  tin  possesses 

8*>  le  28-5,  an  alloy  of 

82  copper,  12.8  tin  -  >  2 

10  “  lo  inc  ^r°uld  have  the  figure  20.8,  and 

The  hardening  eff  .  “  “  -8 

red  r'V  an  addition  of°i  appears  to  be  still  more  & 
and  "-0  ,mr°—  <>f  an  *  the  above  scale  the 

^PPer'w'hUe  h°Uld  ^  be  7°\  *°  C°PP6r’  5  ™  *** 

«"  without  £ \y?  of  Wd;':eUCe  bu‘  li«>e  harder 


•°°»  bellave 

11  ar  to  copper-tin  al 
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The  alloy  with  10  per  cent,  aluminium  is  still  harder  than  an 
alloy  with  the  same  content  of  tin,  and  the  hardness  increases 
with  an  increasing  content  of  aluminium. 

Gold-copper  and  silver-copper  alloys  are  harder  than  pure 
gold  or  pure  silver,  and,  when  the  content  is  not  too  small, 
also  harder  than  pure  copper.  The  content  of  copper  with 
which  the  highest  degree  of  hardness  is  attained  has  not  been 
denfiitely  established.  Karmarsch  found  that  the  wear  of 
copper-silver  alloys  by  abrasion  in  use,  which  probably  is  in 
the  inverse  ratio  to  hardness,  takes  place  according  to  the  fol¬ 
lowing  proportional  figures : 


With  99.3 

per  cent. 

silver, 

0.7  per 

cent. 

copper,  abrasion 

.  2.97 

tt 

90.0 

tt 

tt 

10.0 

tt 

tt 

.  1.60 

it 

75.0 

tt 

tt 

25  0 

tt 

tt 

.  1.48 

U 

65.6 

tt 

tt 

34.0 

tt 

tt 

.  1.31 

tt 

52.0 

tt 

tt 

48.0 

tt 

tt 

.  1.20 

tt 

31.2 

tt 

tt 

68.8 

tt 

tt 

.  1.00 

tt 

21.8 

t» 

tt 

78.2 

tt 

tt 

.  1.045 

tt 

tt 

tt 

100.0 

tt 

tt 

.  1.60 

Hence,  an  alloy  with  31.2  per  cent,  silver  would  be  the 
wdest,  and  the  hardness  decrease  with  an  increasing  content 
■^her  as  well  as  of  copper. 

Le«d-(mtimony  alloys.  The  hardness  of  lead  is  considerably 

^  eased  by  alloying  with  antimony.  According  to  the  scale 

hh  ar^ness  lead-antimony  alloys  given  by  Calvert  and 

J(niSOn’  lead-antimony  alloys  with  23.5  per  cent,  antimony 

h>rtl  ^  Pintles  as  hard  as  pure  lead.  Although  by  a 

W  r  .  ^11C1(iase  *n  the  content  of  antimony  the  hardness  may 

hud  ^  GV011  twelve  times  that  of  pure  lead,  sucli  alloy  > 

hrim  °  ^Hnical  application  on  account  ot  their  gie<it 
ltIeness. 

^>l  altys  are  harder  than  pure  lead,  and  when  tin 


104 


THE  METALLIC  ALLOYS. 


Zinc  in  quantities  un  to  3* 

fluence  upon  the  ductilit  ,  ^  ^  eXertS  &  , 

than  in  the  cold  •  u  ^  of  C0PPer  at  higher  temperature 

alloy  (brass)  can  ak  ^  to  ^0  Per  ceilt-  z’nc’  ^ 

The  ^  !Z  bC  W°rked  at  a  red  belt. 

**y  tin,  that  of  bronzes^-  *  adected  to  a  considerable  exh'1'1 

creased  when  heated  18  *°  20  Per  cent,  tin  being 

Tbe  action  of  lead  .  ^  heat  nnd  quenched  in  water’ 

r-mc  alloys  is  almost  as  ■ 1SmUtl>  UP°»  copper-tin  and  copp^ 
t.Gold  and  silver  also  be!"""*  as  UP°“  Pure  copper. 

®r  metals.  »nd  am  less  duc«le  when  alloyed  «'tl1 

h’gheSt  of  ductUHv  6  "Sed  in  a  l-ro  state  when  «* 

‘  18  demanded  (for  instance  in  th<> 


content  of  tin  exceeds  60  per  cent.,  also  harder  than  pure  ti„ 
An  alloy  of  70  parts  tin  and  30  parts  lead  is  about  one  aJ", 

half  times  as  hard  as  pure  tin  and  two  and  a  half  times  » 
hard  as  pure  lead. 

Zinc-tm  alloys  are  according  to  experiments  of  Calvert  and 

Johnson  harder  than  tin,  but  none  of  them  attains  the  degree 

of  hardness  of  zinc.  The  hardness  increases  quite  uniformly 
with  the  content  of  zinc. 

/•  Ductility.  By  alloying  a  pure  metal  with  another, 
uctilit}  is,  as  a  rule,  decreased.  A  content  of  0.4  per 
a<^  *njllres  ductility  of  copper  at  all  temperatures. 

.  bismuth  is  still  more  injurious,  O.Oo  per  cent,  of 

bismuth  being  sufficient  to  decrease  the  ductility  to  a 

strov  r  I6  deglGe  and  °'1  PCr  cent  t0  almost  entirely  de¬ 
state  in  +i  S  ”lten8e  *s  ^e  action  of  bismuth  in  the  oxidized 

even  0.2  pl^ce^f  ^  antimonic  acid>  according  to  Ham]* 

cent,  of  bismuths  1.SmUth  antlmonate  (containing  0.06  p'r 
tility.  a\ing  scarcely  any  effect  upon  the  due 
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preparation  of  gold  leaf  and  silver  leaf).  The  least  injurious 
effect  as  regards  ductility  is  produced  by  copper,  and  con¬ 
siderable  quantities  of  it  may  be  alloyed  with  either  of  the 
metals  without  destroying  their  malleability.  Especially 
injurious  is  bismuth,  about  0.05  per  cent,  of  it  being,  accord¬ 
ing  to  Hatchett,  sufficient  to  destroy  the  ductility  of  gold. 
Lead  behaves  in  a  manner  similar  to  bismuth. 

A  small  content  ot  zinc  has  a  beneficial  effect  upon  the 
ductility  of  many  gold-copper  and  silver-copper  alloys,  es¬ 
pecially  when  they  contain  much  copper.  According  to 
Peligot,  gold-copper  alloys  with  58  to  60  per  cent,  gold,  for 
instance,  which  by  themselves  are  quite  difficult  to  work, 
become  more  ductile  by  replacing  5  to  7  per  cent,  of  copper 
w4h  the  same  quantity  of  zinc;  thus  58  to  60  per  cent,  gold, 
35  to  37  per  cent,  copper,  5  to  7  per  cent,  zinc.  However,  if 
the  content  of  zinc  exceeds  this  limit,  the  ductility  decreases. 
Alloys  with  more  than  1  to  2.5  per  cent,  gold  also  become 
less  ductile  by  small  quantities  of  zinc. 

The  ductility  of  zinc  is  considerably  impaired  by  small 
quantities  of  tin,  lead  or  iron,  0.00001  per  cent,  sensibly 
decreasing,  according  to  Bischoff,  the  malleabity  of  zinc. 

0 •  Fusing  points.  The  fusing  point  of  an  alloy  is,  as  a 
rule,  lower  than  the  arithmetic  mean  of  the  alloyed  metals, 
and  frequently  even  lower  than  that  of  the  most  fusible  con¬ 
stituent.  A  reliable  determination  of  the  fusing  point,  how¬ 
ever,  is  difficult,  errors  in  this  respect  being  the  more  readily 
made  the  greater  the  tendency  of  the  alloy  towards  liquation, 
because  as,  soon  as  in  cooling  a  fused  alloy,  solidifying  crystals 
begin  to  separate  from  the  still  liquid  mass  in  consequence  of 
liquation,  the  composition  of  the  alloy  remaining  liquid  ot 
course  undergoes  an  immediate  change.  Now,  even  if  it 
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were  possible  to  determine  the  solidifying  point  of  the  latt 
it  would  not  exactly  correspond  to  the  solidifying  point  ^ 
fusing  point  of  the  entire  alloy,  hut  be  lower.  However,  J 
separation  of  solid  crystals  sometimes  proceeds  very  gradually 
with  constant  change  in  the  composition  of  the  mass  remain¬ 
ing  fluid,  and,  as  previously  mentioned,  it  may  be  shown 
that,  lor  instance,  in  copper-tin  alloys  with  20  to  25  percent. 
,  smallei  quantities  of  still  liquid  metal  consisting  of  the 
ys  with  the  lowest  fusing  point,  which  are  the  last  to 
'  fluid  during  the  process  of  liquation,  are  frequently 
Und  encl°sed  or  squeezed  in  between  the  crystals,  in 
<ni  apparently  solidified,  but  still  hot,  alloy.  If  now,  with 

|  ,  ^  V<  coo^ng>  strong  contraction  of  the  solidified  mas 
solidifiT6  bef°re  theSe  remaining  readily -fusible  alloys  are 
through  tl t  GN  aS  previously  described,  be  forced 

fla+  ^  Us  and  aPPcar  on  the  outside  as  globular"1 

rr“meS  alS0  as  excrescences.  The 

in  the  solirtif  ■  "laci’’  "le  rnore  pronounced  the  dittereii" 
An  anaiogonH8  ^  °f  ‘he  same  alloy  will  te 

place  in  the  ^  1  ?  cours^  in  reverse  order,  tak® 

hence,  even  under  tl  ^US^°U  cd  s°lidified  liquated  alloys,  !lld 
imate  values  for  tl  tavorable  conditions,  only  appl0N 

oan  be  established  ^  fusing  point  of  liquating  allo-yS 

also  to  tlie  diffieultv  \  “  Partly  due  to  this  fact  and  V*& 

peratures,  that  We  determinhag  with  certainty  high  In¬ 
fusing  points  of  alloys  ,  r°hable  determinations  of  h 
Uls,  d  metals,  the  f0i f  •  ^  <U  measu ring  the  temperature  1 
rr-*‘  As,nli  UgWell-k‘-wn  process  is  frequently 
,xed  quantity  of  Wat  .|Ua,,tlty  of  the  metal  is  poured  in""" 
“u  rqualization  0f  **•»*„*  temperature  and,  & 

latiatnpo  has  taken  place,  the  te.nf^ 
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ture  of  the  metal  prior  to  pouring  it  into  the  water  is  calcu¬ 
lated  from  the  difference  in  temperature  before  and  after 
pouring  in,  the  quantity  of  water,  quantity  of  metal,  and  the 
specific  heat  of  the  latter.  Or  a  block  or  ball  of  iron  is 
immersed  in  the  metal-bath  whose  temperature  is  to  be  de¬ 
termined  until  it  lias  acquired  the  temperature  of  the  bath  ; 
it  is  tlieu  thrown  into  water  and  the  temperature  calculated 
as  above  described.  If 


T— designates  the  temperature  sought, 

P— the  weight  of  the  water  used, 

p— the  weight  of  the  metal  poured  in  or  of  the  iron  ball, 
t— the  temperature  of  the  water  before  introducing  the  hot  metal, 
t, — the  temperature  of  the  water  after  the  introduction  of  the  metal, 
e— the  specific  heat  of  the  alloy  or  of  the  iron  ball, 

Then 


For  obtaining  comparative  results,  such  as  generally  suffice 
for  the  practice,  this  simple  process  is  very  suitable.  By  it,  we 
way,  for  instance,  in  a  very  short  time  determine  whether  a 
fused  alloy  intended  for  casting  possesses  the  same  tempt  i  a 
ture  as  in  a  former  case,  and  whether  it  is  less  or  moic 
strongly  heated.  However,  absolutely  correct  degrees  of  tun 
per  a  ture  according  to  the  scales  of  F  ahrenheit  ox  (  tlsiu. 
cannot  be  obtained  by  it,  because  the  specific  heat  of  metals 
and  alloys  in  temperatures  above  212°F.  is  not  known.  B> 
using  the  known  values  for  the  specific  heat  with  t<  mpeiati 
UP  to  212°F.,  the  temperatures  are  too  high  because  the 
specific  heat  of  metals  increases  with  the  tempeiatuu,  <xnd 
thls  roason  the  difference  between  the  actual  and  calculate* 
te*Peratures  is,  as  a  rule,  the  greater  the  higher  the  tem- 
Pcrature  sought. 
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Regarding  the  fusing  point  of  copper-tin  alloys,  it  may  i„ 
supposed  that  it  constantly  becomes  lower  with  a  decreasing 
content  of  copper.  With  the  assistance  of  the  above-described 
method  (pouring  into  water)  Kiinzel  found  the  following 
figures : 


Content  of  copper:  95  92  90  89  80  84  80  percent. 

Fusing  points :  2480°  2354°  2282°  2228°  2102°  2012°  18680  F. 


1  hese  figures  are  evidently  too  high,  as  may  be  seen  from 
the  fact  that  pure  copper  fuses  at  about  201 2 °F. ;  nevertheless 
the}  furnish  a  proof  that  the  fusing  temperature  constantly 
deci  eases  with  the  decrease  in  the  content  of  copper  and  the 
increase  in  the  content  of  tin. 


iche  measured  the  fusing  point  of  the  two  all* 
SnCu,  (with  62  per  cent,  copper)  and  SnCu4  (with  68.3  ] 
copper)  which  he  designated  as  constant  alloys  not  si 
^fi^ation.  He  used  for  the  purpose  Becquen 
electiic  pyrometer,  and  found  the  fusing  points 
aeon  v  ^  between  the  fusing  point  of  antimony  (1009.6 
vanori^8  ^  1082°F-  according  to  Becquerel)  and  I 

querel)1  so  thT/  Cadmhlm  (1328°F-  according  to  B 
Now  bv  t  v a  ley  may  be  estimated  at  about  1222 

and  using  theXur6  frmS  °f  PUre  C0PPer  at  ^ 

mate  values  for  th  *  ^  ^  KUnzc1’ the  following  apPr0 

«Uoya  richer  in  lead  fusing  Points  of  coppel ' 


Content  of  coppeV:  100 
Fasmg  points;  2012O 


9r, 

1832° 


90 
16500 


85 

Conn™  •  ,(i50°  1-5620  1472°  I* 

^Pper-zmc  alloy,  beh  * 

tm  alloys,  i,  e  ^  ^  ,  ln  a  manner  analogous  to  < 

content  of  copp^r  US'ng  Poir>t  rises  and  falls  wi 

10  fU8>ng  point  of  an  alloy  with 


80  pe> 
1472°  F- 
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cent,  copper  was  found  by  Daniell  to  be  1074°  F.,  and,  lienee, 
for  alloys  richer  in  copper,  about  the  following  fusing  point 
may  be  assumed : 

Content  of  copper :  00  80  70  60  per  cent. 

Fusing  points :  1940°  1868°  1796°  1742°  F. 


Silver-copper  alloys. — Respecting  the  fusing  points  of  these 
alloys,  Roberts  has  made  experiments  according  to  the  above- 
described  method  with  the  use  of  an  iron  block,  the  specific 
heat  of  which  at  the  higher  temperature  was  found  by  special 
experiments  to  be  0.1569  (specific  heat  of  iron  at  the  ordinary 
temperature  =  0.1138).  The  fusing  point  of  pure  silver  was 
assumed  at  1904°  F.,  and  that  of  copper,  according  to  Van 
Riemsdyk  at  2426°  F.*  The  results  obtained  were  as  fol¬ 
lows  : 

Content  of  silver:  92.5  SO  75  63  60  57  50  46  25  percent. 

Fusing  points :  1708°  1629°  1562°  1557°  1575°  1652°  1724°  1760°  2037°  F. 

Although  the  absolute  correctness  of  the  separate  results 
may  be  questioned,  they  show  that  all  alloys  with  more  than 
50  per  cent,  silver  have  a  lower  fusing  point  than  pure  silvei, 
and  that  with  a  content  of  silver  between  00  and  / 0  pei  cent., 
the  fusing  temperature  reaches  the  lowest  point. 

Silver-gold,  alloys.  By  accurate  measurements  Erhard  and 
Nchertel  found  the  following  fusing  points: 

Content  of  gold  :  U  20  40 

Fusing  points :  1745°  1787°  1823° 

Gold-platinum  alloys  may,  as  far  as  theii  fusing  poin 
known,  be  used  in  estimating  high  temperatures.  1  he\  ha\  e 

*  These  figures  are,  without  doubt,  too  high.  Becquerel  1 
point  of  silver  at  1762°  F.  and  Violle  at  1749°  F.;  the  fusing  point 
c°pper  is  on  no  account  much  higher  than  201-  l1  • 


60 

1868° 


80 

1913° 


100  per  cent. 
1967°  F. 
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been  tested  by  Erhard  and  Schertel  with  the  folk, 
results : 


n\ 


Content  of  platinum:  0  10  20  30  40  50  60  70  80  90  100  per,,- 

Fusing  points :  1967°  2066°  2174°  2291°  2408°  2525°  2660°  2795°  2930°  3072°  3227°F. 

Lead-tin  alloys.  Experiments  by  Pillichodv  and 
gave  the  following  fusing  points  : 


Tin 

per 

cent. 

83.3 

69.5 
63.0 
•53.2 
50.0 

45.6 


Lead 

per 

cent. 


16.7 
30.5 
37.0 

46.8 
50.0 
54.4 


Atomic 

formula. 

it 

Fusing  Tin  Lead 

per  per 

points.  cent.  cent. 

1 

Atomic 

formula. 

Fusing 

points. 

Sn4Pb 

Sn3Pb 

Sn2Pb 

Sn3Pb2 

401  o  F.  36.2  63.8 

368.6°  F.  27.2  72.8 

357.8°  F.  22.1  77.9 

368.6°  F.  15.9  84.1 

395.6°  F.  ]2.4  87.6 

410  °  F. 

■  Hi  ! 

_ 

SnPb 

SiijPbj 

SnPb, 

SnPb, 

SnPb, 

_ 

455  CF. 
474.8°  F. 
518  CF. 
541.4°  F-  i 
557.6°  F.  1 

'  C  fusing  point  ot  pure  tin  is  about  446°F.  and 

2r  ^  ab°Ut  626°F”  U  is  -ident  that  all  the  let 

temnerat  '  than  4°  per  cent  tin  are  fusible  at  a 
temperature  than  pure  tin. 

following  fu7  all°lJS‘  Experiments  of  A.  Ledebur  gav 
"uig  fusing  points  for  these  alloys  : 


82 

18 
482°  F. 


}  Per 


Content  of  tin . 

Content  of  antimony'  ' 

Fusing  point . 

*  *  •  .  , 

Lead-fintirnony  alloy. *. 

Content  of  lea(J 

of  Mt|moo  -  '•••..  no  82  .  r 

1  U8'ng  point..  . .  18  <  1 

By  the  additie  .  4040  5000  F- 

fourth  metal  °f  “  metal  to  ,  • 

....  .  eial  to  a  ternera.  i,  Llal  to  a  binary  alio} 

further  lowered,  an  ad  die’  ^  fUSing  may  frequ 

10n  of  bismuth,  or  of 


.  90 
•  10 
•  456.8° 


r  cent 


cen 
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or  of  both,  being  especially  effective  in  this  respect.  By 
mixing  lead-tin  alloys  with  these  metals,  alloys  with  a  fusing 
point  far  below  the  boiling  point  of  water  are  frequently 
formed,  for  instance : 


Lead  .  •  •  • 

.  16  parts 

8  parts 

SJ 

8  parts 

8  parts 

Tin  .  •  •  • 

12  “ 

3  “ 

C 

w 

<T> 

3  ki 

4  “ 

Bismuth .  •  • 

8  “ 

8  “ 

ZD 

r  ~ 

8  “ 

15  “ 

Cadmium  .  . 

_  it 

_  (4 

cz> 

2  “ 

3  “ 

Fusing  point . 

284°  F. 

203°  F. 

1670  Y. 

154.4°  F 

O 


<3 

<r*- 

& 


h.  Expansion  by  Heat.  The  actual  expansion-coefficient 
of  alloys  frequently  varies  considerably  from  that  deduced  by 
calculation,  a  small  content  of  foreign  metals  being  sufficient 
to  produce  deviations. 

According  to  Calvert  and  Lowe’s  investigations  the  expan¬ 
sion  co-efficient  of  copper-tin  alloys  with  a  small  content  of  tin 
is  below  that  of  copper,  though  the  tin  added  has  a  much 
higher  rate  of  expansion  than  copper. 

Copper-zinc  alloys  appear  to  behave  in  a  similar  mannei. 

1  he  expansion  co-efficient  of  brass  (with  about  <>■>  pei  cent, 
copper)  is  equal  to  that  of  pure  copper  and  increases  with  an 
increasing  content  of  zinc. 

Lead-antimony  alloys  and  zinc-tin  alloys  possess,  according  to 
Calvert  and  Lowe,  a  lower  expansion  co-efficient  than  the 
mean. 

|  Matthiessen,  on  the  other  hand,  states  that  the  expansior 
,lue  to  heat  of  the  metals  takes  part  in  that  of  their  alloys 
aPproximately  in  the  ratio  of  their  relative  volumes. 

*  Specific  Heat.  This  subject  being  of  comparatively 
S'na11  Practical  importance,  but  few  accurate  determinations  of 
^  sPecific  heat  of  the  alloys  have  been  published.  &  • 
^ault  determined  the  specific  heat  of  two  classes  of  alloys, 
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first,  those  which  at  212°  F.  are  considerably  removed 
their  fusing  points ;  and,  secondly,  those  which  fuse  at  ur 
near  212°  F.  The  specific  heats  of  the  first  series  were  re¬ 
markably  near  to  that  calculated  from  the  specific  heats  of 
the  component  metals,  so  that  he  announced  the  following 
law  : 

The  specific  heat  of  the  alloys,  at  temperatures  considerably 

removed  from  their  fusing  point,  is  exactly  the  mean  of  the  specif 

heats  of  the  metals  which  compose  them.” 

lhe  mean  specific  heat  of  the  component  metals  is  that 

obtained  by  multiplying  the  specific  heat  of  each  metal  by 

the  percentage  amount  of  the  metal  contained  in  the  alloy, 

and  di\iding  the  sum  of  the  products  for  each  alloy  by  100. 

By  a  simple  arrangement  of  the  differential  thermometer, 

aiessen  pioved  that  the  specific  heat  of  a  copper-tin  alloy,,  j 

per  cent,  copper  (gun-metal)  is  the  same  as  the  mean 
of  those  of  its  components. 

investi  <  t  FOR  Heat.  Calvert  and  Johnson  haw 

the  folfa  *  conductivity  for  heat  of  various  alloys  wi* 

tUe  following  results : 

than  the  ““Activity  *>r  heat  of  an  alloy  gre»*e' 

ponent  metals  °f  tlle  C011ducting  power  of  the  eon1 

1aWcondutunlCOnilU?tlVity.forheataSr®es  with  the  c‘‘1"! 

lead-tin  alloys  ana  i  •  ^  °U^  *n  some  cases,  for  example  i» !l' 

. 

considerably  below  ,1  08868  the  conductivity  for  bea‘ 

Huently  jg  *e  calculated  conducting  power,  and  & 

component  lneta,5°SS  tha"  «« 


rhc  mjurious  effect 


°f  the  worst  conductor 


of  & 


upon  the 


ver?’ 


conductivity  for  heat  is 
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plainly  shown  in  most  copper  alloys.  Copper-tin  alloys  with 
not  over  50  per  cent,  of  copper  present  the  curious  and  unex¬ 
pected  rule  that  they  conduct  heat  as  if  they  did  not  contain 
a  particle  of  the  better  conductor,  the  conducting  power  of 
such  alloys  being  the  same  as  if  the  bar  was  entirely  com¬ 
posed  of  tin.  The  conductivity  for  heat  slowly  increases  only 
with  a  content  of  60  per  cent,  of  copper  and  upward. 

The  conducting  power  of  copper-zinc  alloys  is  also  con¬ 
siderably  less  than  that  calculated ;  in  alloys  richer  in  zinc 
(not  over  50  per  cent,  zinc)  it  is  less  than  that  of  zinc,  i.  e.,  of 
the  worst  conductor  of  the  two  metals;  and,  according  to 
Wiedemann’s  investigations,  even  the  conducting  power  of 
alloys  richer  in  copper  (65  to  90  per  cent,  copper)  does  not 
exceed  that  of  zinc. 

The  conducting  power  of  copper  is  sensibly  affected  by  0.25 
per  cent,  arsenic. 

Some  curious  results  have  been  observed  in  regard  to  alloys 
of  gold  and  silver.  Silver  being  the  best  conductor,  its  con¬ 
ductivity  is  rated  as  1,000,  and  that  of  gold,  the  next,  is  981, 
but  gold  alloyed  with  1  per  cent,  of  silver  has  a  relative  con¬ 


ductivity  of  only  840. 

1.  Conductivity  for  Electricity.  Matthiessen  has 
shown  by  numerous  experiments,  that  as  regaids  their  con 
ductivity  for  electricity  the  metals  behave  similar  to  their 
conductivity  for  heat,  i.  e. 

1.  In  no  case  is  the  actual  conducting  power  of  the  alloys 
;  greater  than  that  calculated  from  the  conductivity  tor  elec¬ 
tricity  of  the  component  metals  and  their  lelative  \olumes. 

2.  The  actual  conducting  power  corresponds  only  in  com¬ 
paratively  rare  cases  with  the  calculated  mean  conductivity 
for  electricity,  lead,  tin,  zinc  and  cadmium  being  the  meta  s 
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which,  when  alloyed  with  one  another,  conduct  electricity  i 
the  ratio  of  their  relative  volumes. 

3.  More  frequently  the  actual  conducting  power  is  bek 
the  calculated  conductivity  for  electricity,  and  frequently 
even  less  than  that  of  the  worst  conductor  of  the  component 
metals. 

Very  characteristic  in  the  latter  respect  is  the  behavior  of 
gold-silver  and  of  copper-tin  alloys,  a  very  small  addition  of  [ 
silver,  which  is  a  good  conductor,  to  gold  sensibly  affecting  | 
the  conducting  power  of  the  latter.  The  conductivity  for  I 
electricity  of  copper-tin  alloys  does  not  fall  much  below  that 
of  tin,  but  remains  about  the  same  until  the  content  of  copper  l 
amounts  to  about  90  per  cent. 

Tti.  Color.  Regarding  the  color  of  alloys,  it  may  also  he 
said  that  the  intensity  of  the  effect  produced  by  the  addition  I 
ot  determined  quantities  of  one  metal  to  another  is  a01 
equally  strong  throughout,  but  shows  considerable  variation*  I 
the  color  of  an  alloy  does  not  always  form  the  compoUi^  I 
color  from  the  colors  of  the  alloyed  metals,  but  frequently 
exhibits  independent  tones.  While,  for  instance,  in  coppu  I 
silver  alloys  the  color  of  the  one  metal  passes  quite  reguh'l  I 
into  that  ot  the  other,  and  hence  forms  an  actual  comp01111  j 
color,  in  some  copper-tin  alloys  and  still  more  so  in  *°nV 
copper-zinc  alloys  with  a  comparatively  high  content  of 
per,  the  red  color  disappears  almost  completely,  being  * 
placed  by  a  yellow  shade  which  cannot  be  produced 
simply  mixing  red  and  white  or  red  and  gray. 

The  diversity  in  color  of  the  metals  used  for  technical  Pl  . 

J  dll* 

poses  is  not  very  great,  one  metal,  copper,  being  red  ^ 
another,  gold,  yellow ;  the  rest  are  either  white  or  pale 
in  the  various  shades  of  the  pure  white  of  silver  and  tlJl 
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the  pale  gray  of  lead,  platinum,  etc.  Two  or  more  white 

metals  alloyed  with  one  another  always  give  white  alloys. 

White  metals  alloyed  with  the  red  copper  give  reddish 

white,  reddish  yellow,  pure  yellow,  gray  or  white  alloys. 

White  metals  alloyed  with  gold  give  pale  yellow,  greenish  or 

white  allovs. 

«/ 

As  previously  mentioned,  the  intensity  of  coloration  pro¬ 
duced  in  an  alloy  by  the  addition  of  one  or  another  metal, 
varies  considerably.  For  the  metals  more  frequently  used 
for  colored  alloys,  the  following  scale  may  be  adopted  : 

Tin,  nickel,  aluminium, 

Manganese, 

Iron, 

Copper, 

Zinc, 

Lead, 

Platinum, 

Silver, 

Gold. 

Each  metal  in  this  series  standing  before  another  exerts  a 
stronger  influence  upon  the  color  than  the  succeeding  one,  so 
that  the  color  of  the  latter  frequently  disappears  by  the  addi¬ 
tion  of  comparatively  small  quantities  of  the  former. 

However,  the  different  shades  of  color  do  not  appear  grad- 
Uatly  and  uniformly  with  the  increase  or  decrease  in  the 
c°ntent  of  the  one  metal,  transitions  by  leaps  or  bounds 
being  frequently  observed,  and  it  may  even  happen  that  an 
ahoy  with  a  larger  quantity  of  a  white  coloring  metal  may 
sh°w  a  darker  tone  of  color  than  the  same  alloy  with  a 
Waller  quantity  of  the  same  metal. 

^  he  varying  intensity  of  coloration  produced  by  copper, 
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which,  when  alloyed  with  one  another,  conduct  electricity  J 


the  ratio  of  their  relative  volumes. 

3.  More  frequently  the  actual  conducting  power  is  below 
the  calculated  conductivity  for  electricity,  and  frequently 
even  less  than  that  of  the  worst  conductor  of  the  component 
metals. 

\  ery  characteristic  in  the  latter  respect  is  the  behavior  of 
gold-silver  and  of  copper-tin  alloys,  a  very  small  addition  of 
silver,  which  is  a  good  conductor,  to  gold  sensibly  affecting 
the  conducting  power  of  the  latter.  The  conductivity  for 
electricity  of  copper-tin  alloys  does  not  fall  much  below  that 
of  tin,  but  remains  about  the  same  until  the  content  of  coppef 
amounts  to  about  90  per  cent. 

r>i.  Color.  Regarding  the  color  of  alloys,  it  may  also  l" 
said  that  the  intensity  of  the  effect  produced  by  the  addition 
of  determined  quantities  of  one  metal  to  another  is  not 
equally  strong  throughout,  but  shows  considerable  variations 
the  coloi  of  an  alloy  does  not  always  form  the  comp011" 
color  from  the  colors  of  the  alloyed  metals,  but  frequcutl, 
exhibits  independent  tones.  While,  for  instance,  in  copPe" 
sihei  alloys  the  color  of  the  one  metal  passes  quite  reguhd- 
into  that  of  the  other,  and  hence  forms  an  actual  comp01111 
color,  in  some  copper-tin  alloys  and  still  more  so  in  ‘°n’1 
copper-zinc  alloys  with  a  comparatively  high  content  of 
I  >  the  led  color  disappears  almost  completely,  bein- 
placed  by  a  yellow  shade  which  cannot  be  produced 
snnply  mixing  red  and  white  or  red  and  gray. 

he  diversity  in  color  of  the  metals  used  for  technical  P1 
Poses  is  not  very  great,  one  metal,  copper,  being  red 
jino  ier,  gold,  yellow ;  the  rest  are  either  white  or  p»le  g  j  ’ 
VaT10US  shades  of  the  pure  white  of  silver  and  & 
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the  pale  gray  of  lead,  platinum,  etc.  Two  or  more  white 
metals  alloyed  with  one  another  always  give  white  alloys. 

1\  liite  metals  alloyed  with  the  red  copper  give  reddish 
white,  reddish  yellow,  pure  yellow,  gray  or  white  alloys. 
White  metals  alloyed  with  gold  give  pale  yellow,  greenish  or 
white  allovs. 

As  previously  mentioned,  the  intensity  of  coloration  pro¬ 
duced  in  an  alloy  by  the  addition  of  one  or  another  metal, 
varies  considerably.  For  the  metals  more  frequently  used 
for  colored  alloys,  the  following  scale  may  be  adopted  : 

Tin,  nickel,  aluminium, 

Manganese, 

Iron, 

Copper, 

Zinc, 

Lead, 

Platinum, 

Silver, 

Gold. 

Lach  metal  in  this  series  standing  before  another  exerts  a 
stronger  influence  upon  the  color  than  the  succeeding  one,  so 
that  the  color  of  the  latter  frequently  disappears  by  the  addi¬ 
tion  of  comparatively  small  quantities  of  the  former. 

However,  the  different  shades  of  color  do  not  appear  grad- 
Ually  and  uniformly  with  the  increase  or  decrease  in  the 
c°ntent  of  the  one  metal,  transitions  by  leaps  or  bounds 
lj01ng  frequently  observed,  and  it  may  even  happen  that  an 
with  a  larger  quantity  of  a  white  coloring  metal  may 
^(nv  a  darker  tone  of  color  than  the  same  alloy  with  a 
1(dlor  quantity  of  the  same  metal. 

^  he  Varying  intensity  of  coloration  produced  b\  copper, 
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tin  and  zinc,  may  be  very  plainly  recognized  by  a  con 
parison  of  the  scale  of  color  of  copper-tin  and  copper-^ 
alloys. 


Copper-tin  alloys. 
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Color. 


30  70 
20 
10 


Red  yellow,  gold-like 
Reddish,  gray  yellow 
Reddish  yellow 
Reddish  gray 
i  ellow  gray 

Reddish  white 
•Reddish  white 
White 

Bluish  white 
Bluish  gray 
Cray 
Rale  gray 
Cray  white 

Gray  white 

Whitish 

Whitish 


Copper-zinc  alloys. 
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Color. 


5  almost  copper-color 
10  \  ellowish,  red  brownish 
1G  Red  yellow 
20  Reddish  yellow 
22  Reddish  yellow 
25  Pale  yellow 
27  l Yellow 
Yellow 
Beep  yellow 
Deep  yellow 
Reddish  yellow 
Handsome  gold  yellow 
Bismuth  gray,  with  strong 
lustre 

Antimony  gray 
Zinc  gray 
Zinc  gray 


Copper-tin-zinc  alloys. 
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Color. 
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5  11  Orange  red 

4  16  Orange  yellow 

4  18  Orange  yellow 


23  Tale  ornnge 
27  Pale  yellow 
32  Light  yellow 


of  co  C  ab°ve  table  it  will  be  seen  that,  while  t-1 

01  copper,  vivid  bv  it^lf  ;  i 

content  of  30  “  *’  almost  completely  cove 

quantity  0f  zinc  fi  ^  U  iS  converted  b*v  11 
is  required  to  m  i!  lnt°  yedow>  and  about  60  per  c 

copper-zinc  alloyswith^Tf  disaPPear*  The  fac1 

appears  pure  v ellow  /u  ^  ab°Ut  85  per  cent*  zinC  1 

content  (up  to  50  'yellow)  and  with  a  still 

interest  and  considers \  °\  ZmC  golden  yellow,  h 

tones  of  color  are  0bt  *  practical  importance.  Still 
the  table,  by  repkein  ^  shown  in  the  third  co 
80  Per  ceat.  copper)  aS  111  -the  all°ys  richer  in  c°PPe 
The^tco2:r,onofthezi-bytin. 

C01ns'  *W6h  oo„tain8  7*  °f  "ickcl  is  shown  i, 

Per  Cent‘  copper  and  25  p< 
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nickel.  Notwithstanding  the  large  content  of  copper,  the 
color  of  the  latter  has  entirely  disappeared. 

Gold  possesses  but  slight  coloring  power.  Gold-silver 
alloys  with  G4  per  cent,  gold  show  a  greenish-yellow  color, 
and  with  30  per  cent,  gold  a  perfectly  white  color  like  fine 
silver.  When  gold  is  alloyed  with  copper,  the  gold  color  dis¬ 
appears  completely  with  about  75  per  cent,  copper,  the  alloys 
exhibiting  the  red  color  of  rosette  copper,  while  in  a  silver- 
copper  alloy  with  the  same  quantity  of  copper,  the  content  oi 
silver  can  be  plainly  recognized. 

u.  Resistance  to  chemical  influences.  A  knowledge 
ol  the  resistance  of  alloys  to  chemical  influences  is  of  con¬ 
siderable  practical  importance.  Nearly  all  articles  of  metal 
and  alloys  are  exposed  to  the  action  of  gases  contained 
in  the  atmosphere  (besides  the  quite  indifferent  nitrogen : 
oxygen,  carbonic  acid,  aqueous  vapor ;  in  inhabited  localities 
nearly  always  sulphuretted  hydrogen,  ammonia,  etc.),  and 
many  of  them  to  that  of  rain  and  snow,  while  utensils  for 
culinary  and  technical  purposes  are  in  addition  affected  by 
acid,  alkaline,  saline,  or  fatty  fluids.  For  the  manufacture 
°f  such  utensils  it  might  be  desirable,  as  regards  other  prop- 
erhes,  to  alloy  the  metal  to  be  used  for  the  purpose  with 
another,  but  the  question  is  whether  such  an  alloy  possesses 
fhe  same  power  of  resisting  chemical  influences  as  the  pure 
metal.  Thus,  for  instance,  tin  containing  lead  is  preferable 
ln  many  respects  to  pure  tin,  it  being  harder,  stronger  and 
the  moulds  better  in  casting ;  but  if  the  alloy  is  to  be 
1  cd  for  kitchen  utensils,  drinking  vessels  or  similai  pui- 
P(*es’  important  question  arises  whether,  in  view  of  the 
Poisonous  properties  of  lead,  it  is  capable  of  resisting  in  the 
me  degree  as  pure  tin  the  chemical  influences  to  which  it 
may  be  exposed  in  use. 
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But  few  experiments  have  been  made  to  determine 

behavior  of  alloys  in  this  respect.  It  is  generally  found  tl 

the  action  of  the  atmosphere  is  less  severe  on  alloys  than 

their  component  metals.  An  instance  of  this  is  the  ancient 

bronze  statues  and  coins,  some  of  the  latter  of  which  have 

their  characters  still  legible,  although  they  have  been  a- 

posed  to  the  effects  of  air  and  moisture  for  upwards  of  twenti 
centuries. 

The  action  of  the  atmosphere  on  an  alloy  heated  to  a  high 
temperature  is  sometimes  quite  energetic,  as  is  shown  in  tie 
*  of  3  parts  lead  and  1  of  tin,  which,  when  heated  to  red¬ 
ness,  burns  briskly  to  a  red  oxide.  When  two  metals,  is 
copper  and  tin,  are  combined,  which  oxidize  at  different  ten- 

P  ’  may  be  separated  by  continued  fusion  with 

exposure  to  the  air.  Cupellation  of  the  precious  metals  is 
a  Hke  phenomenon. 

bodv  m'0'  "if  a  metal  with  another  the  chemical  action  of  i 
than  wnnlu  a^°'’  's  frequently  reduced  to  a  less  degre* 

two  met^E1  in  ^  "“P'*  diIuti0n  °f 
chemical  influences  I’Ure  State  are  very  sens,t,VC 

power  of  rcsistin  ’  "la'  even  sllow  a  comparatively  ,SrBl1 
proportions  with^  ^  'nduences  when  alloyed  in  definite 
posed  of  the  sameT0  an°t,ler'  However,  two  alloys  co1"" 

m  this  respect  bUt  different  proportions,  map 

happen  that  an  alio  C0ns^erable  variations,  and  it  lDl1* 
sessing  but  slight  &  Iarger  content  of  a  metal  p* 

he  less  attacked  bv  tl  *  les*st*ng  certain  influences,  ^ 
a  Smaller  content  of  th  *”  ^  agen^s  than  another  alloy 
investigator^  ^ 

a%s  an  indication  0f7h  C°nsidered  this  peculiarity  of  s0"1' 

6  presence  of  actual  chemical  co& 
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binations.  However,  a  contrary  behavior  has  also  been 
frequently  observed.  Thus,  St.  Claire  Deville  found  that  a 
lead-platinum  alloy,  which  he  kept  in  a  closet,  was  entirely 
decomposed  by  the  action  of  the  air,  the  lead  being  converted 
into  lead  carbonate  (white  lead),  while  a  piece  of  pure  lead 
lying  alongside  it  remained  unchanged.  Among  the  silver- 
copper  alloys,  that  containing  25  per  cent,  of  copper  tarnishes 
to  a  greater  degree  in  air  containing  sulphuretted  hydrogen 
than  pure  silver,  etc. 

Calvert  and  Johnson  have  investigated  the  resistance  oi 
different  copper-tin  and  copper-zinc  alloys  against  acids  and 
salts,  and  made  the  remarkable  observation  that  nitric  acid 
of  1.14  specific  gravity  dissolves  the  two  metals  in  an  alloy  oi 
zinc  and  copper  in  the  exact  proportion  in  which  they  exist 
in  the  alloy  employed,  while  an  acid  of  1.08  specific  gravity 
dissolved  nearly  the  whole  of  the  zinc  and  only  a  small  quan¬ 
tity  of  the  copper.  Hydrochloric  acid  of  1.05  specific 
gravity,  which  readily  dissolves  zinc,  was  found  to  be  com¬ 
pletely  inactive  on  all  alloys  of  copper  and  zinc  containing 


an  excess  of  copper,  and  especially  on  the  alloy  containing 
equivalent  proportions  of  each  metal.  Zinc  was  found  to 
^ldVe  an  extraordinary  preventive  influence  on  the  action  of 
■Irong  sulphuric  acid  on  copper.  The  alloy  Cu4/n3  (vith 
06,5  IJer  cent,  copper)  was  but  little  attacked  by  concentrated 
)  drochloric  or  nitric  acid,  and  not  at  all  by  sulphuric  acid. 

\  0lJper-tin  alloys  were  found  to  resist  the  action  of  nitric 
"Cid  moi‘c  than  pure  copper,  but  the  preventive  influence  oi 
Presents  the  peculiarity  that  the  action  of  the  acid 
(1J*Ses  as  the  proportion  of  tin  increases;  thus  the  allo\ 
^5  is  attacked  ten  times  more  than  the  alloy  CuSn. 

^cug  the  copper-tin-zinc  alloys  the  two  alloys 
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Cuj8SnZn  with  86  per  cent,  copper,  9  per  cent,  tin  5 
Cui0SnZn  “  77  “  “  i4>5  «  (<  ’ 


per  cent.  zjnc 

U 


were  found  to  be  only  slightly  attacked  by  strong  nitric 
hydrochloric  acid,  and,  hence,  behaved  similar  to  the  abov' 
mentioned  alloy  Cu4Zn3.  The  resistance  of  these  allovs 
against  the  action  of  nitric  acid  deserves  special  attention 
since  the  acid  readily  attacks  each  of  the  separate  metals. 

Regarding  the  influence  of  sea  water  upon  copper-zinc  and 
copper-zinc-tin  alloys,  Calvert  and  Johnson  found  that  from 
pure  copper-zinc  alloys  zinc  is  chiefly  dissolved,  the  copper 
being  therefore  protected  by  an  addition  of  zinc;  and  that  in 
the  ternary  alloys  of  the  mentioned  metals,  the  solution  of 
zinc  is  smaller  and  that  of  copper  considerably  larger  than  in 
copper-zinc  alloys.  Hence  by  the  addition  of  tin  the  zinc  is 
piotected  and  the  copper  more  exposed,  though  with  an 
equivalent  proportion  of  copper  a  reduction  in  the  total  effect 
could  not  be  recognized.  On  the  other  hand,  the  action  of 
sea  water  is  weakened  by  a.  small  addition  of  lead  and  iron  to 
copper-zinc  alloys  (see  Muntz  metal). 

Articles  of  copper-tin  alloys  richer  in  copper,  when  exposed 
foi  a  long  time  to  the  action  of  the  air,  acquire  a  beautiful 
pale  green  or  brownish  crust  called  patina,  consisting  mostly 
of  the  hydroxides  and  carbonates  of  the  component  metals 
lhis  patina  is  highly  esteemed,  partly  on  account  of  the  beau¬ 
tiful  appearance  it  presents,  and  partly  as  a  characteristic ot 
antique  articles,  and  it  is  sought  to  promote  its  formation 
partly  by  a  suitable  choice  of  the  alloy  and  partly  by  the 
of  chemical  agents.  Upon  an  alloy  consisting  of  Cu  89.^ 
Sn  0.83,  Pb  1.85,  Co,  Ni  0.90,  Fe  0.28,  J.  Schuler  fo«n,i  ‘‘ 
owing  composition: 


I 
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SnO, . 49-13 

. . 22.46 

. . 3-<r>3 

Fe20,Af208 . 1-75 

COj . 6.35 

H,0 . 8-48 

Organic  substahce . 0.76 

. . 0.6.5 

Insoluble  matter . 6.16 


or,  omitting  the  accidental  foreign  substances  (organic  sub¬ 
stances,  sand,  etc.): 


SnOsH2 .  60.92 

CuC03.Cu02H2 . 34.55 

(PbC03)2Pb02H2 . 4.51 


It  is  remarkable  that  in  this  patina  the  proportion  of  cop¬ 
per  to  the  other  metals  is  much  smaller  than  in  the  bronze. 

In  copper-silver  alloys  the  copper  may  protect  the  silver  from 
the  attack  of  single  agents,  but  the  silver,  even  when  present 
excess,  does  not  protect  the  copper.  Thus  copper  is  dis¬ 
solved  by  acetic  acid  from  alloys  with  80  per  cent,  and  upward 
silver,  a  fact  which  deserves  attention  in  using  utensils  of 
s^'er  alloyed  with  copper  for  household  purposes.  By  boil- 
lng  C0Pper-silver  alloys  with  dilute  sulphuric  acid,  the  greater 
portion  of  the  copper  is  dissolved,  while  nearly  all  the  sil\  or 
Attains  behind.  It  has  previously  been  mentioned  that  the 
c^°n  of  sulphuretted  hydrogen  is  more  pronounced  upon 
8llver  a%ed  with  copper  than  upon  pure  silver ;  the  article 
f  ,riing  covered  first  with  a  yellowish  and  then  a  brov  nidi 
>  "liich  finally  turns  blue. 

*  ^-silver  alloys  the  gold,  if  present  in  excess,  may 
$il .  (n  °r  entirely  overcome  the  action  of  certain  acids  upc  n 
While  from  alloys  poor  in  gold  all  the  silver  ma\ 
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extracted  by  sulphuric  acid,  an  alloy  containing  more 
50  per  cent,  gold  is  not  affected. 

The  action  of  acids  and  salt  solutions  upon  kad-lin  „ 
ias  been  more  thoroughly  investigated  on  account  of 
poisonous  properties  of  lead,  vessels  of  tin  containing  1. 
being  much  used  for  household  and  commercial 

SC  1  Roussin,  Reichelt,  and  others  have  shown  thatac* 
cid  and  common  salt  solution,  or  a  mixture  of  both,  dissolve 
ead  from  lead-tin  alloys  even  if  they  contain  but  2  per  cent 

with  tl'  6  C*Uant't-'r  °*'  p‘ad  dissolved  increasing,  of  count 

lead  in  thealloy’and  **■*■*-•■ 

lead  are  said  tn  L  *  ^  CU11°US  fact  that  some  allo.Ys  richerlD 
content  of  lead  V  rGS1Stant  than  aI1°ys  with  a  small* 

P^ts  lead,  and’  Phi  ^  aU°y  °f  5  parts  tin  andl 

hence  almost  identical  wf^h^ohPs^1^8  ^  ^  &  ^  \ 

Knapp  has  investW^  ,  , 

results:  Three  all  ^  ^  Kad-tin  alloys  with  the  following 

A.  30  8  rvtw  +•  "  ^^rent  composition  were  prepared 
°  parts  tin  an d  aq  o  . 

alloy  of  Phlo)  ^  parts  lead  (the  above  mention# 

B-  21  parts  tin  and  7o 

formula  SnPb2)  Parts  lead  (corresponding  to  tltf 

G  80  l»rts  tin  and  90 

Tow“d  distil, ed  l!  ^  leai 

showed  the  greatest  r  *  acccss  of  air  the  alloy  ^ 

paratively  ]arge  qu  t.eS‘Stance-  while  from  A  and  B  a  co®' 
carbonic  acid  and  (  °f  oxide  of  lead  (consisting  of  l*4 
C°ld  'dnogar  dissolv  SePa™M. 

Square  inc,les  surface :  ‘he  coar*  of  seven  days  per  l*'5 
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Lead,  Tin,  Total, 

gramme.  gramme.  gramme. 


From  alloy  A .  0.0677  0.0267  0.0944 

From  alloy  B .  0.0773  0.0159  0.0932 

From  alloy  C .  0.0027  0.0337  0.0364 


Hence  the  alloy  richest  in  tin  showed  the  greatest  resist¬ 
ance  toward  the  action  of  cold  vinegar,  while  the  alloy  of 
Phlo  proved  no  more  resistant  than  the  alloy  with  79  parts 
lead.  While  for  the  same  quantity  of  tin  the  alloy  A  con¬ 
tains  about  9  times  as  much  lead  as  C,  it  yields  to  vinegar  20 
times  as  much  lead. 

Boiling  vinegar  dissolved  in  the  course  of  one  hour 


Lead, 

Tin, 

Total, 

gramme. 

gramme. 

gramme. 

From  alloy  A  .  .  .  . 

.  .  .  .  0.0130 

0.0032 

0.0162 

From  alloy  B  .  .  .  . 

.  .  .  .  0.0118 

0.0055 

0.0173 

From  alloy  C  .  .  .  . 

.  .  .  .  0.0058 

0.0100 

0.0158 

fbe  difference  in  the  resistant  power  of  the  alloy  richer  in 
hn  as  compared  with  the  two  others  is,  therefore,  considerably 
diminished  by  boiling  and,  by  taking  into  consideration  the 
total  quantity  of  metal  dissolved,  Phlo’s  alloy  proves  nearly 
resistant  as  the  alloy  richer  in  tin,  the  amount  of  lead  dis 
s°hed  being,  however,  nearly  double.  By  taking  into 
deration  the  short  time  of  action,  it  will  be  seen  that  the 
ffleet  ot  the  acid  is  considerably  increased  by  the  higher 
Perature. 


°old  common  salt  solution  with  about  3.5  per  cent,  com- 

1011  Sadt  dissolved  in  the  course  of  seven  days  fiom  al  _ 

only  lead,  no  tin  being  dissolved.  Bhe  amount 
per  x 

•°  square  inches  surface  was  : 


1  tom  the  alloy  A  . 
Fr°m  the  alloy  B  . 
Fr°m  the  alloy  C  . 


.  0.0023  gramme 
.  trace 

.  0.0499  gramme 
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In  this  case  the  alloy  poorest  in  lead  loses  the  great« 
quantity  of  it. 

At  a  boiling  heat  the  same  common  salt  solution  in  th 
course  of  one  hour  also  dissolved  tin,  the  amount  per  151 
square  inches  surface  being  : 


Lead, 

Tin, 

Total. 

From  the  allov  A  .  . 

gramme. 

gramme. 

gramme. 

0.0022 

0.0100 

From  the  alloy  B  . 

0.0012 

0.0092 

From  the  alloy  C  .  . 

0.0020 

0.0056 

In  this  case  the  alloy  richest  in  tin  suffers  the  sma 
lo&s  in  metal,  but  in  proportion  to  its  content  of  lea 
ati\eh  large  amount  of  the  latter  is  dissolved. 

#  c  ults  of  these  experiments  show  the  extent  to  w 
resisting  power  of  one  and  the  same  alloy  is  depern 
P  natuie  of  the  influences  to  which  it  is  exposed 

theRte~re  *  which  they  act. 

lead-tin  eano«aLma'ie  'T"*  *  number  of  experiments  ' 
His  invp<st*  *  i-  1<?gaid  their  behavior  towards  vine 

are  the  more  Itroi  ^  generall‘Y  sPeakinS  the  al 
lead,  no  exop^t*  ^  ‘  attacked  the  greater  their  conten 

pWo  for  some^alloy0111  ^  **  suPPosed  h>'  Pohl 
Further,  a  content  J  ^  **  m  lead’  havinS  beeu  *°l 
from  being  attacked  anT^0^  d°eS  n0t  prevent  the  * 
its  volume  of  tartaric  *  ^  wben  vinegar  is  mixed  vs  *' 

increased  fourfold  *  ^  flriautity  of  metal  dissolve 

1,1  Germ“y.  by  law  vessel  • 
must  not  contain  rao  ’  S  ln,«nded  for  measuring 

n  ^  part  lead  to  5  parts  tin. 


CHAPTER  V. 


PREPARATION  OF  ALLOYS  IN  GENERAL. 

Alloys  are  generally  prepared  by  directly  melting  together 
the  metals  which  are  to  take  part  in  the  mixture.  At  the  first 
glance  this  would  seem  a  very  simple  affair,  requiring  scarcely 
any  explanation,  but  in  fact  great  skill  and  judgment  are 
necessary  for  the  successful  accomplishment  of  the  object. 
Some  alloys  are  in  fact  very  difficult  to  prepare,  and  require 
special  precautionary  measures. 

The  utensils  used  in  the  manufacture  of  alloys  differ  accord¬ 
ing  to  whether  they  are  to  be  prepared  on  a  small  or  large 
scale.  For  small  quantities  the  use  of  a  crucible  is  recom¬ 
mended,  but  for  manufacturing  on  a  large  scale  a  reverberatory 
“open-hearth”  furnace  is  used,  which  is  preferably  heated 
with  gas  prepared  in  a  special  furnace.  Special  precautions 
must  be  observed  to  preserve  a  deoxidizing  flame  'within  the 
hirnace.  A  small  portion  of  the  heat,  which  otheiwist  could 
i,(‘  used  for  melting  the  metals,  is  sometimes  lost  theieby ,  but 
tlle  great  advantage  is  gained  that  as  long  as  the  gases  of 
combustion  passing  over  the  metals  absorb  oxygen,  the  nnd 
metals  will  actually  remain  in  a  metallic  state.  This 
specially  of  great  importance  with  metals  which  leadil, 

^,/-o  when  exposed  in  a  fused  state  to  the  action  of  the  ai 
may  here  be  remarked  that  the  oxides  formed  by  careless  wor 
fro1*  the  metals  seldom  take  part  in  the  formation  of  the  a  oy, 
550  ^at  even  if  the  quantities  of  metals  have  been  accurate  y 
*%hed,  the  resulting  alloy  will  not  show  the  desired 

"  ( 125  ) 
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sition,  since  the  portion  of  the  metals  converted  into 
does  not  enter  into  the  alloy. 


oxide 


For  preparing  alloys  on  a  smaller  scale  in  a  crucible,  special 
precautionary  measures  must  be  taken  against  oxidation  of 
the  metals.  For  this  purpose  the  surface  of  the  metals  is  cov¬ 
ered  with  bodies  which  prevent  the  access  of  air,  without, 
however,  exerting  any  influence  -whatever,  or  at  least  only  to 
a  x  ery  small  extent,  upon  the  metals.  In  many  cases  anhv- 
ious  borax  is  used  ;  but  independently  of  the  fact  that  borax 
s  rathei  expensive  and  unnecessarily  increases  the  cost  of  the 
)s,  its  employment  is  accompanied  by  many  evils.  It  is 
n°Wn  borax  a  portion  of  the  boric  acid  is  not 

1  J  }  satuiated,  and  that  in  melting  borax  with  base  metals 

,n  Por^on  °f  the  acid  is  always  absorbed,  which  with 
t  so  ium  borate  forms  double  salts  of  a  glassy  nature 

will  b  /  lnetnls  under  borax  a  certain  portion  of  them 


will  be  lost  by  forming  a 


g  a  combination  with  the  borax. 
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I  gas,  which  exerts  a  protecting  influence  upon  the  surface  of 
the  metals.  After  the  evolution  of  gas  has  ceased,  there  re¬ 
mains  a  very  finely  divided  carbon  which  protects  the  metals 
from  oxidation. 

For  the  preparation  of  alloys  from  noble  or  costly  metals  it 
is  recommended  to  effect  the  fusion  in  crucibles  of  graphite  or 
of  graphite  mixed  with  clay,  as  the  metal  readily  and  com¬ 
pletely  separates  from  such  crucibles.  In  regard  to  graphite 
crucibles  we  would  draw  attention  to  a  circumstance  which, 
though  unimportant  in  itself,  may  become  very  disagreeable 
in  preparing  alloys  from  costly  metals.  It  sometimes  hap¬ 
pens  that  a  graphite  crucible  a  short  time  after  being  placed 
m  the  furnace  bursts  with  a  loud  report,  and  the  metals  con¬ 
tained  in  it  fall  into  the  fire,  from  which  they  have  to  be 
rescued  with  considerable  trouble.  This  phenomenon  in 
most  cases  is  due  to  faulty  work  in  the  making  of  the  cru¬ 
cible.  If,  for  instance,  the  mass  of  the  crucible  contains  a 
ttnall  bubble  filled  with  air  or  moisture,  these  bodies  will  ex¬ 
pand  strongly  on  heating,  and  this  expansion  may  go  so  far 
as  to  cause  the  bursting  of  the  crucible.  But,  as  this  defect 
cannot  be  recognized  from  the  appearance  of  the  crucible,  it  is 
recommended  to  test  every  crucible  before  using  it  for  melting 
Petals.  This  is  done  by  putting  them  in  a  place  where  they 
gradually  become  strongly  heated.  Bad  crucibles  crack  in 
m°st  cases,  and  the  others  are  sufficiently  dried  out  so  that 

can  be  used  for  melting  the  metals  without  fear  of 

backing. 

{  In  Preparing  alloys  the  metal  most  difficult  to  fuse  should 
1  tl  rne^e(^>  and  the  more  fusible  ones  only  introduced  afte  1 
|  16  Complete  fusion  of  the  first.  The  varying  densities  of  the 

metals  to  be  combined  frequently  render  the  formation  of  a 
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homogeneous  mass  very  difficult.  Moreover,  in  mm»  „ 
certain  chemical  combinations  are  readily  formed  wife? 

h -  -«  -  «—  - 

If  two  metals  with  greatly  varying  densities  are  alloyed  „l 
<w  Hallowed  *°  be  quiescent>  will  be  observed  it* 

!rltib,m1  3  tatinS  fr0m  th6  CrUCib,e>  *‘  *"»  ** 

Lemi  n  yra  nryi"g  hl  C0l0r  and  “PPearance.  B; 
of  th  7  eXamm!ng  these  layers  il  wiI1  be  found  that  each 
l0vinr  c°nta^ns  different  quantities  of  the  metals  used  in  al 

Possible,  the  metals  ***  “  h°m°gene0US  an all°y* 

lowed  to  •  ’  1  e  ln  a  of  fusion,  must  not  be  al* 

fected  h-tr  •  ain  ^u*escent>  but  an  intimate  mixture  be  ef 

many  CaoP  g°r^US  stirrbig,  sticks  of  dry  soft  wood  being  in 

with  one  of  thes  •  purPose-  %  stirring  the  fused  mas 

according  to  tl  &  S^°^S’  ^le  Wo°d  is  more  or  less  carbonic 

the  destructive  ^t^“perature  of  the  mass.  In  consequence  of 

there  is  evolved  1  a^°n  ^be  wood  taking  place  thereby, 

the  fused  mass  abundance  of  gases  which,  by  ascending*11 

ring  should  be  tribute  to  its  intimate  mixture.  The  stm 

cooled  as  ranidlv  11Ue(l  for  some  time  and  the  alloy  theI1 

Many  alloys  “  P°Ssible' 

by  repeated  remelt'  P* °Perty  of  changing  their  naturt 

case,  which  show  ^  SGVeia^  alloys  being  formed  in 
as  chemically  T{Con'SKlerable  differences,  physically  as  wel1 
erally  higher  than  til  7*  points  of  the  new  alloys  are 
n®ss  and  ductility  aril  Ule  original  alloy,  and  their 
^  bis  phenomenon  iq  f  °  Cbanged  to  a  considerable  exte’*1 
tbc  further  apphCati  ^u®ntly  connected  with  many  evils  f°’ 
showing  this  pro  f  the  alJoys,  and  in  preparing  W 

y>  ‘’be  fusion  of  the  metals  and  sub* 
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quent  cooling  of  the  fused  mass  should  be  effected  as  rapidly 
as  possible. 

While  formerly  only  a  few  alloys  were  known,  a  large 
number  are  at  present  used  in  the  industries,  and  we  find 
very  rare  metals  sometimes  employed  for  the  preparation  of 
alloys  to  impart  special  properties.  One  of  the  principal 
causes  of  this  advance  in  the  industry  is  the  progress  of  me¬ 
chanics.  We  need  only  to  consider  the  bearings  of  shafts  and 
axles  in  order  to  understand  the  varying  demands  made  by 
the  engineer  as  regards  the  properties  of  alloys.  How  dif¬ 
ferent  must  be  the  nature  of  an  alloy  which  serves  for  the  con¬ 
struction  of  the  bearing  of  an  axle  revolving  with  a  light  load 
perhaps  once  in  a  second,  from  that  which  has  to  bear  a 
heavily-loaded  shaft  making  many  hundred  revolutions  per 
minute!  For  many  purposes  alloys  possessing  great  duc¬ 
tility  are  required,  for  others  the  chief  requisite  is  hardness, 
others  again  must  have  a  high  degree  of  elasticity,  and  still 
others  as  low  a  melting  point  as  possible.  It  will  be  readily 
understood  that  these  different  demands  can  only  be  satisfied 
by  adding  to  the  alloys  suitable  quantities  of  metals  ot  vary- 

blg  properties. 

1  hough  most  heavy  metals  are  at  the  present  time  used  in 
the  manufacture  of  alloys,  copper,  tin,  zinc,  lead,  silver  and 
K°ld  are  more  frequently  employed  than  others,  the  alloc  s  ot 
I  those  metals  being  at  the  same  time  those  which  have  been 
I  ingest  known  and  used.  In  modern  times  the  allojs  pic 
I  with  the  assistance  of  nickel  have  also  become  of  great 

lmPortance,  as  well  as  those  of  which  aluminium  forms  a 
c°nstituent. 

,  l^ery  one  who  occupies  himself  more  closely  with  allo\s 

l  )"s  how  meagre  is  the  amount  of  information  whicl 

9 
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been  gained  upon  this  important  branch  of  metallurgy 

that  much  is  to  be  expected  from  the  progress  of  chemC 

The  metallurgist,  if  left  to  himself,  cannot  be  expected  to* 

nve  at  certain  results,  because,  probably,  he  may  be  wantii 

in  chemical  knowledge  or  in  the  methodical  course  of  invs 

gation  which  must  be  possessed  by  those  who  are  qualified-- 

successfully  prosecute  such  researches.  These  qualification 

much  the  more  indispensable  when  it  is  remembers 

e\erj  new  alloy,  by  the  fact  of  its  properties  being  i 

rom  those  of  its  constituents,  may  be  regarded  as  a  no 

Before  proceeding  with  the  description  of  the  rotf 

P  t  alio}  s,  it  may  be  convenient  to  say  a  few  wore 

.  6  methods  of  making  experiments  in  the  prepai* 

hon  of  new  alloys. 

an  ,i'  .  11  *be  elements  always  combine  with  a® 

by  *  *-hich  are  terD' 

cinal  m  +  1  •  ^ble  of  the  atomic  weights  of  the  f- 

acteristic  pron  t  ^  quantiti*b  alloys  of  determined,  & 
erties  do  not  ^  ^  &S  a  rule>  obtained.  If  these  ft 
is  frequently  ”*Werthe  demands  made  of  the  alloy,  the  obj^ 
lents  of  one  met  1  ^  ^  tabmg  turn,  three,  or  more  equ’' 
in  certain  eases"  a  excePfi°n  to  this  rule  is  only  n“ 

a  Very  small  quant>T*ially  Where’  accordinS to 

change  the  pror)oW- *  y  °f  a  metaI  suffices  considerably  ‘ 
t0  Prepare  the  mixt!^  °f  the  alIoy-  It  is  then  most  suit* 
to  thousandths,  and  i  ^or  fbe  experiment  acconi 
proportion  between  ti  e'ery  new7  experiment  change 
thousandths.  le  SeParate  metals  a  certain  numb*1 

Por  «"»bining  meta]s 

n°n-naetallic  elements, 
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stance  with  sulphur  or  with  phosphorus,  it  is,  however,  not 
sufficient  to  choose  the  proportions  according  to  thousandths, 
it  being  necessary  to  add  these  bodies  according  to  ten  thous¬ 
andths.  For  these  elements  the  form  in  which  they  are  used 
is  also  of  importance,  which,  however,  will  be  referred  to  in 
speaking  of  them  later  on.  It  may  here  be  remarked  that  the 
application  of  the  term  alloy  to  such  metals  which,  so  to  say, 
are  contaminated  by  phosphorus  or  sulphur  is  entirely  incor¬ 
rect.  It  is  used,  however,  for  want  of  a  better  one,  since  it  at 
least  indicates  that  we  are  not  dealing  with  a  pure  metal. 


CHAPTER  VI. 
COPPER  ALLOYS. 


theA,IHTH’  °n  aCC0Unt  0f  itS  great  ducti%  and  teach 
j  °  unmixc'd  copper  in  the  arts  are  various  mid  high 

^rtrr for  many — is — 

011„  f  .  ’  Por  lnstance,  seldom  cast,  in  cons 

tliev  h  °  T  d'fflCUlty  °f  obtaining  sound,  strong  casting 

th  b  nlg  al  blown>  even  ,f  the  work  '.s  J  wi(h  , 

© a  Ldxost  care  T n  n  rl  * + * 

^elf,  certain  alloys  of  T,  ^  ^  Pr°pertieS  °f  the  C°PF 
especially  suitable  f  .  *  .^7®  °therSj  which  ren(ler  th® 

°ver,  it  is  i^ssible  t  lndustrial  Purposes,  and,  mow 

which  can  be  °  lmpar^  C0Pper  alloys  all  the  property 
very  hard,  brittl  "  ^  exPected  :  they  can  be  made  soft  and 
etc.  elastic,  malleable  and  non-inalle^b 

i  be  lnanufacture  of  on 

certain  difficulties  '  Pp6r  aPo^s  is  always  attended 

fusing  point,  and  the'1106  ^  C°PPGr  itself  lias  a  very 

eign  bodies  exerts  a  >r  eS°nCe  op  very  small  quantities  ol 

uPon  those  of  its  alloys^  lnfluence  upon  its  properties 

1  Pe"  words  about  thi<s  •  ^  therefore  be  necessary  to 

A  ~  of  lead  V  nCa 

incroas«  the  ducUlHv*',8  ‘°  fr°m  t0  * 
esence  of  one  full  th0,  ^  °f  C°Pper  to  be  rolled  >  W 

iMoSh°r,the  preparation  °f  iead  renderS  ‘hC 

to  »  ‘8  0r  d'a»n  out  in,  brass’  'vhieh  is  to  be  relied 

""  °f  lcad-  ^  acquires  °  Wire-  %  adding  to  copper 

( l32P)°Perty  °f  being  red'sh°rl 


COPPER  ALLOYS. 


133 


hot-short,  and  by  increasing  the  content  of  lead  to  one  per 
cent,  it  becomes  entirely  useless,  it  being  both  red-short  and 
cold-short.  A  content  of  lead  always  exerts  an  injurious  in¬ 
fluence  upon  the  properties  of  copper,  this  influence  being 
more  strongly  observed  at  a  higher  temperature  than  at  an 
ordinary  one. 

A  content  of  iron  exceeding  twsj  has  also  an  injurious 
effect  upon  the  properties  of  copper,  rendering  it  hard  and 
brittle.  Small  quantities  of  nickel  affect  copper  injuriously 
in  making  it  less  malleable,  the  evil  being  still  further  in¬ 
creased  if  besides  this  metal  a  small  quantity  of  antimony  be 
present.  Antimony  and  arsenic  by  themselves  mixed  with 
copper  considerably  decrease  its  highly-valued  property  of 
ductility.  Copper  containing  only  Tinns  °f  antimony  can  no 
longer  be  worked  for  sheet-brass.  Bismuth  acts  in  a  manner 
dmilar  to  antimony.  Zinc  mixed  with  copper  up  to  unnr 
>nakes  it  red-short.  Certain  alloys  of  copper  and  zinc  can, 
however,  be  well  worked,  the  most  important  of  such  alloys 
being  brass.  A  content  of  tin  and  silver  seems  not  to  have 


injurious  effect  upon  the  properties  of  copper,  and  these 
J  metals,  if  added  in  certain  proportions,  yield  alloys 
ioh  are  distinguished  by  special  valuable  properties. 

^n  admixture  of  cuprous  oxide,  which  is  sometimes  found 
hiands  of  copper,  makes  the  metal  both  red-short  and  cold- 
^  specially  if  present  in  larger  quantities,  and  furthei 
‘  ^  the  disagreeable  property  of  considerably  con- 

in  casting.  Moreover,  the  castings  from  such  coppei 
ari  Unequal  density,  so  that  plates  of  it  cannot  be  mod 
st  d^ate  printing.  It  may  here  be  remarked  that 
^ancls  of  copper  found  in  commerce  contain  certain 
GS  cuprous  oxide,  it  being  claimed  that  an  admix 
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ture  of  one-half  to  two  per  cent,  of  it  is  even  beneficial  •  : 
counteracts  the  injurious  influence  of  foreign  metals  u  ^ 
copper.  *')0n  t: 

Beside  the  above-mentioned  metals,  many  brands  0f  CJ 
per  found  in  commerce  frequently  contain  bodies  belong 
to  the  non-metals,  such  as  sulphur,  silicium,  and  phosphL 
The  influence  of  these  bodies  is,  as  a  rule,  very  injurious. 

A  content  of  sulphur  makes  the  copper  red-short  and  casi 
mgs  of  it  blown.  By  a  content  of  silicium  the  copper  loses  it 
puie  le  color  and  acquires  one  shading  into  white,  its  duo 
m  y  emg  at  the  same  time  considerably  affected.  Coppei 
con  mumg  nearly  two  per  cent,  of  silicium  can  only  be  rolled 

t  .  f  ...  ’.aS  ^  Crac^s  beat.  With  a  still  greater  con 

extrin  r  1C1Um  the  COpper  becomes  a  yellowish-white  metal  ol 
to  advantage7  bUUleneSS’  S0  that  h  can  no  longer  be  worked 

upon  the7rlptrttr?f01U‘?  ******  *  Considerable  influcnfe 

ness  and  at  th  .  •  C°Pper’  generally  increasing  its  hard- 

admixture  of  i  me  ^me  mabmg  *t  more  fusible.  With  an 
rolled  in  the  cokT^  W  pb°Spborus  the  copper  can  only  h 
brittle  in  the  cold  &  greater  content  it  become 

known  as  phosphor  ^  °me  abo^s  °f  copper  with  phosphorus, 
dustrial  purposes  o  °nze’  are>  however,  used  for  certain  h‘ 
being  distingujshe(j  ,  C0Unt  of  their  special  properties,  thy' 
beautiful  color  T]  *  partlcular  strength,  ductility,  ani1 
on-  ’  lGSe  cornbinations  will  be  referred  to  W 

According  to  the  mm. 

mows  the  following  hoi  °  ?*ent  researches  by  Hampe,  copP?r 

„  With  •  «„ntent  „f  b  “r101  t°na*  Admixtures 
th0  Parties  of  the  rtn,  and  ^  of  cuprous 

01  are  not  sensibly  affected,  it  be^1' 
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jn<r  red-short  only  in  the  presence  of  ;  and  a  content  of 
this  compound  always  acts  in  such  a  manner  as  to  increase 
the  brittleness  of  the  metal  more  in  the  cold  than  in  the  heat. 
One-thousandth  of  arsenic  exerts  no  influence  upon  the  cop- 
per,  but  Tinta  of  it  render  it  cold-short  and  hard.  It  only  be¬ 
comes  red-short  with  T}>U  of  arsenic,  but  is  not  cold-short, 
which  is  contrary  to  the  opinions  formerly  held  in  regard  to 
the  influence  of  arsenic  upon  copper.  Antimony  acts  similarly 
to  arsenic,  except  that  a  smaller  quantity  of  it  will  make  the 
copper  red-short. 

A  content  of  one  and  a  half  thousandths  of  lead  exerts  no 
influence  upon  the  properties  of  copper ;  a  slight  brittleness  in 
the  heat  shows  itself,  however,  with  a  content  of  twW>  which 
becomes  greater  with  one  of  twW>  and  is  clearly  perceptible  in 
the  cold. 

According  to  these  more  recent  researches  a  content  ot  bis¬ 
muth  exerts  an  especially  injurious  influence  upon  the  prop¬ 
erties  of  copper,  an  infinitely  small  quantity  sufficing  to 
decrease  the  ductility  in  the  heat,  while  with  a  content  of 
Tfinr  the  copper  becomes  exceedingly  red-short  and  sensibly 

cold-short. 

A  considerable  portion  of  the  copper  occurring  in  commerce 
extracted  from  minerals  containing  a  number  of  other 
Petals,  this  holding  especially  good  in  regard  to  those  brands 
Stained  from  gray  copper  ore  or  fahl  ore.*  Experts  can  tell 
,ri  the  external  properties  of  the  metal,  especially  hv  the 
Jr>  fracture,  and  ductility,  whether  it  is  suitable  tor  certain 
|>Urposes  or  not.  But  it  is,  of  course,  impossible  to  recognize 
banner  the  quantities  of  foreign  bodies.  In  hu)  ing 
rgG  lot  °f  copper  for  alloys  it  is  therefore  recommended  to 

tt  contains,  copper,  antimony,  arsenic,  and  sulphur* 
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subject  it  to  an  accurate  chemical  analysis,  in  order  to !, 
sure  that  it  is  free  from  lead  and  bismuth,  which  are  especially 
injurious. 

As  previously  mentioned,  the  number  of  copper  alloy  js 
very  large,  the  most  important  being  those  with  tin,  zinc 
nickel,  gold,  silver,  platinum,  and  mercury,  and,  further, 
with  aluminium ;  the  alloys  of  copper  with  lead,  antimony, 
and  iron  are  less  frequently  used. 

After  giving  a  brief  introductory  sketch  of  the  alloys  of 
coppei  with  the  precious  metals,  which  have  been  used  from 
very  lemote  times,  we  shall  first  speak  of  the  alloys  of  copper 
"vuth  the  base  metals,  they  being  of  special  interest  for  indus¬ 
trial  purposes,  and,  besides,  present  more  technical  difficulties 
in  their  preparation. 

Copper-gold  alloys. — Gold,  as  previously  mentioned,  having 
a  slight  degree  of  hardness,  must  be  alloyed  with  other 
s  in  ordei  to  prevent  its  wearing  too  rapidly,  copper 
an  silver,  either  by  themselves  or  together,  being  generally 
U.  f°r  the  PurP°se.  Beside  the  fact  that  the  gold  alloys 
a  neater  degree  of  hardness  than  the  pure  metal,  the 
C°  °r  °f  the  latter  is  also  changed  by  alloying  with  silver  or 
(IZT,  !  being  g0ld  with  a  color  shading  into  white 
(alloverl  'ni  1  Sllver)  and  otller  varieties  shading  into  rod 

use/Thev"8  t0  th*  purpose  for  which  gold  alloys  are  to1' 

with’ the  in  PrePiUed  either  with  copper  or  silver  alone,* 

oo  °f  b°th  “  Thegold  coins  of  Enrol' 

snver,  wtr;:8;nh:Iloy  of  g°id  **  » •  — 

of  argentiferous  g,T"n  bei"R  *“f‘> 

^  a-  1  he  preparation  of  alloys  of  8° 
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and  of  silver  has  become  very  extensive  on  account  of  their 
being  used  for  coinage  and  articles  of  jewelry,  and  will  be 
referred  to  later  on. 

Copper-silver  alloys. — The  alloys  of  copper  with  silver  are 
extensively  used  for  coinage  and  silverware.  As  may  be  seen 
from  the  properties  of  both  metals,  these  alloys  possess  a  con¬ 
siderable  degree  of  ductility,  and  if  the  proportions  in  which 
the  metals  are  mixed  are  so  chosen  that  the  copper  slightly 
predominates,  their  properties  are  almost  exactly  a  mean  be¬ 
tween  those  of  the  two  metals.  They  will  be  fully  discussed 
later  on,  and  we  only  mention  here  that  most  allo}rs  of  silver 
and  copper  contain  more  of  the  former  than  of  the  latter 
metal. 

The  alloys  of  the  other  noble  metals,  especially  those  of  the 
platinum  group,  find  but  a  limited  application  in  the  in¬ 
dustries  ;  they  will  be  referred  to  later  on. 

Alloys  of  copper  with  the  base  metals. — Although  the  number 
°t  alloys  of  copper  with  the  base  metals  is  very  lai’ge,  those 
known  under  the  general  terms  of  brass  and  bronze  are  so  ex¬ 
tensively  used  in  the  various  industries  as  to  make  most  oi 
tde  others  appear  unimportant  in  comparison.  Bronze  has 
keen  known  from  very  remote  times,  and  was  used  by  the 
ancients  in  casting  statues  and  other  ornaments.  The  bronze 
1  ( d  by  the  pre-historic  nations  contained  no  lead,  and  came 
barest  to  what  is  at  the  present  time  designated  by  the  term 
kronze,  %.  an  alloy  of  copper  and  tin.  The  bronze  used  by 

Romans  and  post-Romans  was  rarely  an  alloy  of  puic 
1  lJ(}r  and  tin,  but  contained  usually  more  or  less  lead. 

^  las*,  the  other  important  alloy  ot  copper  mentioned 
'e>  Was  manufactured  by  cementing  sheets  of  copper  with 
tthne  or  carbonate  of  zinc  long  before  zinc  in  a  metallic 
f0rm  "•<«  know,. 
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Copper- Zinc  Alloys. 


The  several  compounds  produced  by  the  combination  • 
copper  and  zinc  in  different  proportions  are  included  in  tb 
collective  term  brass,  some  varieties,  however,  being  known 
by  specific  names,  as  pinchbeck,  tombac,  etc.  The  first  ac¬ 
count  of  the  alloy  of  copper  and  zinc  transmitted  to  the 
present  times  was  written  by  Aristotle,  who  states  that  a 
people  who  inhabited  a  country  adjoining  the  Euxine  Sea 
prepared  their  copper  of  a  beautiful  white  color  by  mixing  I 
and  cementing  it  with  an  earth  found  there,  and  not  with  tin, 
a^  v  as  apparently  the  custom.  Strabo  also  alludes  to  the 
preparation  of  the  alloy  of  copper  and  zinc  by  the  Phrygians  j| 
Irom  the  calcination  of  certain  earths  found  in  the  neighbor-  I 
hood  of  Andera,  and  other  authors,  in  the  time  of  Augustus, 
peak  distinctly  of  cadmia  and  its  property  of  converting  I 
copper  into  aurichalcum,  under  which  title  the  zinc  alloy  w*-5  | 
xequenth  known.  Several  writers  of  the  Christian  e13 
have  referred  to  this  compound  are  not  more  expl>c!! 

1  .  e^r  Predecessors ;  still  it  is  evident,  from  various  recon 
ana  yses  of  old  alloys,  that  zinc  was  contained  in  many  of 
e  I  repared  about  the  commencement  of  the  present  era- 


rp,  ’  Pi0Pcrties,  Manufacture,  and  Uses. 

Germany  bv  Era  ^  ^  ******  W9S  “Produced.  iu  l55°’ 
prepared  it'bv  f  •  US  Ebeuer’  au  artist  of  Nurnberg, 

furnace  cadmia  C°Pper  Wltli  so-called  tutia  fornaci 
the  alloy  was  very  Vi-  meltln£  together  of  the  two  n 

where  the  art  of  obta'6  '  °btained  in  1781  in  Eng 

k»own  a  short  til  the  zillc  hi  a  metallic  form  be 

lre^^tothatPeHod. 

'  ntl°ned,  should  actually  contain 
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copper 


and  zinc,  but  most  varieties  found  in  commerce  con¬ 


tain  small  quantities  of  iron,  tin,  arsenic,  and  lead.  In  many 

cases  these  admixtures  are  due  to  contaminations  mixed  with 

the  ores  from  which  the  copper  or  zinc  is  extracted,  while  in 

others  they  have  been  intentionally  added  in  order  to  change 

the  ductility,  fusibility,  etc.,  of  the  alloy.  Copper  and  zinc 

can  be  mixed  together  within  very  wide  limits,  the  resulting- 

alloys  being  always  serviceable.  Generally  speaking,  it  may 

be  said  that  with  an  increase  in  the  content  of  copper  the 

color  inclines  more  towards  a  golden,  the  malleability  and 

softness  of  the  alloy  being  increased  at  the  same  time.  With 

an  *ncrease  in  the  content  of  zinc  the  color  becomes  lighter 

and  lighter,  and  finally  shades  into  a  grayish-white,  while  the 

allots  become  more  fusible,  brittle,  and  at  the  same  time 

ai(ler.  Just  as  different  as  the  properties  of  the  respective 

°}s  is  also  the  cost  of  production,  the  price  of  brass  increas- 

b  with  the  greater  content  of  copper.  Very  extensive  re- 

"  °^es  ^ave  been  made  in  regard  to  the  behavior  of  alloys  of 

H  1  and  zinc,  which  may  be  briefly  expressed  as  follows : — 

v  containing  from  1  to  7  per  cent,  of  zinc  still 

low  t'  C0^01  C0PPer>  or  *he  utmost  only  a  slight  yel- 

allov  ^  ^*h  7.4  to  13.8  per  cent,  of  zinc,  the  color  of  the 

red  aerS0es  a  considerable  change,  it  being  a  pleasant 

be  /  .°W’  With  from  13.8  to  16.G  per  cent,  the  color  may 
aeS)£n,ntn/l  •  • 

op  tQ  lea  a  Pure  yellow,  while  that  of  alloys  containing 

aSiu  Per  cent-  °f  zinc  is  also  yellow,  but  not  pure.  It  is 

a  rej  c  wfrP  a  content  of  over  30  per  cent,  of  zinc 

*)Ual  r  aPl)cars  again,  which  is  most  pronounced  with 

ky  weight  of  the  metals,  an  allov  of  50  parts  of 
arirl  ra  „  ’  .  . 


> 


>er 


^bitiIlf>  f  ^  z*nc  having  almost  a  golden  color,  but  ex 


^  iiclVUig  UJIIIOSl  cl 

”  a  so  a  high  degree  of  brittleness.  With  a  still  higher 
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content  of  zinc  the  gold  color  rapidly  decreases,  !«,„ 

1  eddish-white  with  53  per  cent.,  yellowish-white  with  Sr 
cent.,  and  bluish-white  with  64  percent.;  with  a  still  J! 
content  of  zinc  the  alloy  acquires  a  lead  color. 

The  physical  properties  of  alloys  of  copper  and  zinc  dife 
very  much  according  to  the  quantities  of  copper  and  zinc* 
.one  in  them.  Alloys  containing  up  to  35  per  cent,  of  a. 
can  be  converted  into  wire  or  sheet  in  the  cold  only,  ta 
« i  from  lo  to  20  per  cent,  being  the  most  ductile. 

Alloys  with  from  36  to  40  per  cent,  of  zinc  can  be  world 

'*  .  ,1C°J  ^  WeU  as  in  the  heat-  With  a  still  higher* 

"  6  UCtlilt-V  decreases  rapidly,  and  an  alloy  with,  for  in- 

C6|  .r°m  00  to  70  Per  vent,  of  zinc  is  so  brittle  that  ii 
cannot  be  worked  Tf  w 

creased  up  to  »  m  ■  ’  '°'Vever’  th«  colltcnt  of  zinc  18  * 
increases  n  •  aximum  (70  to  90  per  cent.),  the  ductility 

heat  •  but  *7  ^  the  aHoy  can  be  worked  quite  well  in* 
„  ■  b«  not  at  a  red  heat, 
tirass  shows 

more  pronounced  ti?S  *  CryStalline  slructurc,  which  is  the 

prepared  from  equal  bnttle  the  allo>T  is>  and  hencc  ^ 
distinct  crystal li  "  ^aits  copper  and  zinc  shows  the  w°;t 

„  staiiine  structure 

An  connection  with  this  '  , 

becoming  crystallin  s°nie  researches  in  regard  to  nid;1‘ 

terest.  By  heating  Jn  ^  ^  S‘  Kalischer>  maJ  be  of  lU' 
suffers  a  series  of  perma  *  Zlnc  to  from  302°  to  338°  F*»  ! 
pearance  being  directl  cllanSes  without  its  external  af 
becomes  almost  without*  loses  its  clear  sound  ai^ 

readily  bent,  but  breaks  Hke  lead-  Xt  can  be  *** 

noist.  similar  to  the“crv  eeasdy>  and  in  bending  cmib  *' 
due  to  a  change  in  the  mo]°  tim*”  A11  these  alterations  a* 

coming  crystalline.  This  .  Structure  of  the  zinc,  it  * 

rystalliZation  can  be  readily**' 
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dered  perceptible  by  dipping  a  heated  strip  of  zinc  into  a 
solution  of  sulphate  of  copper,  the  copper,  which  is  immedi¬ 
ately  precipitated,  showing  clearly  perceptible  crystallization. 
The  fracture  of  the  rolled  and  heated  zinc  is  also  crystalline. 
To  avoid  this  change  it  is  recommended  not  to  exceed  a  tem¬ 
perature  of  266°  F.  in  manufacturing  sheet-zinc.  Sheets  of 
cadmium  and  of  tin  become  crystalline  at  about  392°  F. 
Sheet-iron  and  sheet-copper  are  also  crystalline,  but  sheet-steel 
is  not.  Kalischer  examined  four  varieties  of  sheet-brass  con¬ 
stituted  as  follows  : — 

Parts. 


I.  II.  III.  IV. 

Copper . .  66  62.5  60  56.8 

Zinc .  34  37.5  40  43.2 


Samples  Nos.  I.  and  II.  were  undoubtedly  crystalline,  and 
sample  No.  III.  showed  traces  of  crystallization,  while  No.  1^  • 
fhd  not  become  crystalline  even  by  heating. 

Sheets  of  tombac  composed  of — 


Parts. 

_ _ — a — - - — \ 

I.  II.  HI. 

Copper . 73.74  80.38  90.09 

Zinc .  25.96  19.29  9.91 

Tin .  0.30  0.33  — 


'Vere  a11  crystalline.  No  crystallization  could  be  observed  m 

0r°nze-sheets  composed  of — 

Parts. 


I. 

II. 

^°pper  . 

.  .  90 

88.23 

Zinc  . 

.  .  5 

8.82 

Tin. 

.  .  5 

2.95 
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Rolled  lead  is  crystalline,  but  rolled  fine  «iw  , 

onvei  and  »0]j 

are  not.  By  reason  of  these  observations  and  experi®^ 
Kalischer  is  of  the  opinion  that  the  crystalline  state  is  nat^ 
to  most  metals,  but  they  can  be  deprived  of  it  by  mecha^ 

influences,  and  many  can  be  reconverted  into  it  under  th 
influence  of  heat. 

If  a  very  ductile  brass  is  to  be  prepared,  great  care  must  I* 
had  to  use  metals  of  the  utmost  purity,  since  exceedingly 
small  admixtures  of  foreign  metals  suffice  to  injure  consid¬ 
erably  the  ductility,  rendering  the  fabrication  of  very  to 
sheets  or  fine  wire  impossible. 

e  strength  of  brass,  as  shown  by  many  experiments,  ie 
.  hmately  connected  with  its  composition,  that  contain- 

stren  b  ^  Cen^’  z*nc  showing  the  greatest  absolute 
r^le  s^rength  depends,  however,  to  a  considerable 
- 611  ’  a  S°  °n  the  mechanicnl  treatment  the  metal  has  * 


T  ece  of  brass  of  0.001  square  inch  breaks  with  the 


t/ftst  brass  . 


Ordinary  wire  . 


breaks  with  2777.5  pounds. 
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boin'v  wide  deviations  in  this  respect,  which  are  readily  ex¬ 
plained  by  the  great  difference  in  the  melting  points  of  the 
two  constituent  metals.  Generally  speaking,  the  fusing  point 
of  brass  lies  at  about  1832°  F.  If  brass  in  a  fused  state  is 
kept  for  some  time  in  contact  with  air,  its  composition  under¬ 
goes  an  essential  change  by  the  combustion  of  the  greater 
portion  of  the  zinc  contained  in  it,  which  explains  the  change 
of  color  frequently  observed  in  brass  fused  for  some  time  in 
contact  with  air. 

Old  copper  derived  from  worn-out  copper  articles  is  fre¬ 
quently  used  in  the  manufacture  of  brass.  Such  copper  con¬ 
tains,  however,  generally  foreign  metals  in  the  shape  of  solder, 
etc.,  which  may  exert  either  a  favorable  or  an  injurious  in¬ 
fluence  upon  the  properties  of  the  brass.  Lead,  tin,  and  iron 
are  the  most  frequently  occurring  contaminations.  If  the 
brass  is  to  be  used  for  castings,  their  injurious  influence  is  not 
so  great  as  in  the  manufacture  of  thin  sheet  or  wire,  lo 
brass  intended  for  castings  up  to  two  per  cent,  oi  lead  is 
frequently  added,  such  addition  making  the  alloy  somewhat 
harder,  and  depriving  it  at  the  same  time  ot  the  disagreeable 
property  of  fouling  the  tools  in  working,  which  is  of  special 
importance  in  filing  and  turning.  In  casting  brass  contain 
mg  lead  care  must,  however,  be  had  to  cool  the  castings  \  u\ 
lapidlyJ  as  otherwise  the  lead  readily  separates  in  the  lower 
portion  of  the  casting  and  produces  unsightly  spots. 

%  a  slight  addition  of  tin  the  brass  becomes  more  fusible, 
°me\vhat  denser,  and  takes  a  better  polish ;  it  is  also  lendeied 
mew  hat  less  brittle.  The  presence  of  a  small  quantity 
increases  the  hardness  of  brass  considerably ,  such  bi 
exposure  to  the  air  being,  however,  easily  stained  b}  ru. 

1  the  arts  brass  is  commonly  employed  in  the  construe 
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of  scientific  apparatus,  mathematical  instruments,  small 
of  machinery,  and  for  many  other  purposes.  A  distinction^ 
generally  made  between  sheet  brass  used  in  the  inanufal! 
of  wire  and  sheets  and  cast-brass,  which  requires  no  further 
mechanical  manipulation  than  turning  and  filing.  A  num- 
ber  of  alloys  occur  in  commerce  under  various  names,  but,* 
legards  their  composition,  they  must  be  included  in  the 
generic  term,  brass,  though  some  of  them  are  especially 
adapted  for  certain  purposes. 

In  the  following  we  give  Mallet’s  table  of  the  properties  of 
copper-zinc  alloys : — 


In  the  above  table  them-  • 

is  denoted  by  l.  ninimum  of 

Meet  brass  (/OT  the 
cially  pure  metals  as  fre  ^acture  of 

lee  as  Possible 


hardness  and  fusd 

sheet  and  wire)--^‘  \ 
from  foreign  bodie? 


in' 
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jurious  to  ductility  (bismuth,  antimony,  arsenic,  tin,  lead, 
iron)  have  to  be  used  for  this  purpose.  Sheet  to  be  stretched 
very  thin  under  the  hammer,  for  instance,  the  best  quality  of 
German  sheet-brass  for  musical  instruments  contains  as  a  rule 
19  to  21  per  cent,  zinc,  sheet  still  suitable  for  most  purposes, 
22  to  30  per  cent.,  and  sheet  for  toys  and  articles  easily 
shaped  30  to  40  per  cent.  Brass  for  wire  requires  similar 
compositions. 

Filings  and  turnings  always  contain  small  quantities  of 
iron  particles  and,  hence,  are  not  suitable  as  an  addition  to 
the  better  qualities  of  brass.  Silesian  zinc,  as  a  rule,  contains 
not  less  than  0.75  per  cent.  lead.  Missouri  zinc  is  very  pure, 
and  also  Spanish  zinc,  brand  R.  C.  A.  Refinado,  the  latter  be- 
H  free  from  arsenic,  antimony  and  sulphur,  and  contains 


°nly  0.05  per  cent,  lead  and  a  trace  of  iron  ;  it  is  used  for  the 
4  quality  of  sheet-brass  (cartridge  shells).  The  more  sheet- 
^rass  fr  f°  resist  the  action  of  acid  and  alkaline  fluids,  the 
11(hci  in  copper  it  should  be,  and,  accordingly,  the  following 


\  ‘l)01tions  of  copper  to  zinc  may  be  recommended:  70:  30, 
and  60 :  40.  Brass  for  cartridge  shells  contains  <  2 
|  copper  and  28  parts  zinc,  with  at  the  utmost  0.25  per 
frud,  or  still  better  entirely  free  from  lead, 
jj  .  eyidence  of  the  quality  of  a  brand  of  copper  is  that 
wire  ^rass  Stable  for  the  preparation  of  thin  sheet  and 

®ists  ‘  s^larPest  test  for  the  quality  of  the  copper  con- 

ha,,  tq  tllat  When  the  brass  is  drawn  out  to  tubes  over  a  core- 
the*  C.1G  tUbes  show  no  cracks.  The  following  analyses  show 
Wire.  Ql^OSb^on  various  varieties  of  brass  for  sheet  and 


10 
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Brass. 

Place  of  derivation. 

Copper. 

j  Zinc. 

Lead. 

Tin. 

Silicium. 

Antimony.  ^ 

Sheet 

Jemappes 

64.6 

1  33.7 

1.4 

0.2 

0.4 

— 

— • — . _ _ 

Stolberg 

64.8 

'  32.8 

2.0 

— 

Romilly 

70.1 

29.26 

0.28 

0.17 

— 

1  - 

Rosthorn  (Vienna) 

68.1 

31.9 

trace 

— 

— 

4« 

_ 

71.5 

28.5 

— 

— 

_ 

- 

_ 

71.36 

28.15 

— 

— 

- 

_ 

71.10 

27.6 

1.3 

— 

_ 

Iserlohn  and  Romilly 

70.1 

29.9 

— 

— 

_ 

44 

Liidenscheid 

72.73 

27.27 

— 

— 

_ 

- 

»« 

- (brittle) 

63.66 

33.02 

2.52 

— 

0.61 

_ 

Hegermtihl 

70.16 

27.45 

0.79 

0.20 

— 

_ 

** 

Oker 

69.98 

29.54 

C.97 

— 

— 

0.79  03 

Wire 

England 

70.29 

29.26 

0.28 

0.17 

— 

“ 

Augsburg 

71.89 

27.673 

0.85 

— 

_ 

_ 

“ 

K  eustad  t-Eberswalde 

70.16 

27.45 

0.20 

0.79 

_ 

1 ,— 

U 

— 

71.36 

28.15 

— 

— 

_ 

_ 

41 

— 

71.5 

28.5 

— 

_ 

_ 

_ 

44 

— 

71.0 

27.6 

_ 

_ 

_ 

44 

(Good  quality) 

65.4 

734.6 

_ 

_ 

_ 

_ 

(Brittle) 

(Good  composition  for 

65.5 

32.4 

2.1 

— 

— 

- 

sheet  and  wire) 

China,  best  quality 

67 

32 

0.5 

0.5 

— 

— 

brass 

China,  ordinary  qual¬ 

10 

5 

— 

-  : 

— 

— 

ity  brass 

10 

2.7 

— 

-  r 

Japanese  brass  (Schin-chiu)  contains  as  a  rule  30  parts  zinc 

to  70  parts  copper,  though  there  are  also  alloys  with  35  parts 
zinc. 


Alloj  s  tv ith  34  to  37  and  40  per  cent,  zinc  are  frequec 
used  foi  the  manufacture  of  sheet  and  wire,  sheet  with  37 

zinc  being  distinguished  by  extraordinary  toughness  t 
ductility  in  a  cold  state. 

^  SS  Usod  for  the  most  diverse  purposes,  it  is ' 

a  composition  of  general  value,  since  the 
“•  Uiade  on  thls  metal  vary  much  according  to  the  art] 

such  asTocks^^ tTV  behlg  USed  f0r  Very  °rdinary  "a 

as  well  as  for  th  fi  S  escutcheons>  buttons,  hinges,  e 

art.  G  neS^  mecbanical  instruments  and  object 


As 

to  be  worked  '  ^  C°ntaans  more  zinc  than  that  which  > 

fusible,  but  at  th  S^lee^  and  wire.  It  is  therefore  nlt 

wire-brass.  Tho  6  harder  and  more  brittle  tb 
materials  not  being  chosen  with  such 
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cire  as  for  wire,  a  chemical  analysis  reveals  frequently  the 
presence  of  a  considerable  number  of  foreign  metals.  The 
turnings,  chips,  and  other  brass-waste  are  generally  utilized 
by  melting  them  together  by  themselves,  or  as  addition  in  fus¬ 
ing  cast-brass.  Such  turnings,  etc.,  frequently  containing, 
besides  brass,  iron  and  bronze,  explain  the  contamination  of 
the  cast-brass  with  iron,  tin,  and  lead ;  sometimes  a  small 
quantity  of  arsenic  is  also  found.  Cast-brass  is  also  much 
used  in  the  manufacture  of  the  so-called  hard  solder  for  solder¬ 
ing  articles  exposed  to  a  high  temperature.  In  the  following 
table  we  give  an  analysis  of  various  kinds  of  cast-brass,  which 
shows  the  great  variations  in  its  composition  : — 


Variety. 

Copper. 
Per  cent. 

Zinc. 
Per  cent. 

Iron. 
Per  cent. 

Lead. 

Percent. 

Tin. 

Per  cent. 

Cast  brass  from  Oker  .... 

71.88  1 

24.42 

2.32 

1.09 

— 

Cast  brass  from  Oker  .  .  . 

64.24 

37.27 

0.12 

0.59 

_ 

Black  Forest  clock  wheels  . 

60.66 

36.88 

0.74 

— 

1.35 

Black  Forest  clock  wheels  . 

66.06 

31.46 

1.43 

0.88 

— 

bast  brass  from  Iserlohn  .  . 

63.7 

33.5 

_ 

0.3 

2.5 

cast  brass  from  Iserlohn  .  . 
French  yellow  brass  ( Potin 

Jaune)  .  ....... 

English  sterling  metal  !  ’.  ! 
English  sterling  metal  .  .  . 

64.5 

32.4 

1  - 

2.9 

0.2 

71.9 

24.9 

2.0 

1.2 

66.2 

33.11 

0.66 

2.0 

— 

66.66 

26.66 

0.66 

O'/ dinary  cast-brass  {potin  jaune,  potin  gris ,  sterling  metal). 

^  "'ixture  of  metals  known  under  these  names  is  the  poor- 
quality  of  brass,  and  its  composition  varies  so  much  as  to 
f  lk°  if  ^possible  to  state  it  within  narrow  limits.  This 
l'  of  brass  is  generally  prepared  by  fusing  togethei  old 
tli(.  "QSte  °f  kinds  and  subjecting  it  to  a  casting  test-  II 
jjj.  a°fUle  is  not  too  coarse-grained  and  the  metal  not  too 
un'dj’ 11  iS  USed  without  further  addition  for  articles  known 
stick  Elective  term  of  brazier’s  ware  (spigots,  candle 
withu  ^0rtars>  etc.).  Brass  of  this  quality  is  readily  worked 
e  iii°,  but  difficult  to  turn. 
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By  adding  to  ordinary  cast-brass  a  certain  quantity  of 
and  tin,  a  metal  of  a  somewhat  whiter  color  l!  . 
which  is  called  potm  gris  by  the  French,  and  is  more 
worked  with  the  lathe  and  file.  The  so-called  “m 
metal”  is  somewhat  harder  in  consequence  of  a  content , 
iron,  and  can  therefore  be  much  better  worked  than  ordinw 
brass.  By  adding  to  sterling  metal  some  tin,  it  acquired 
greater  hardness  and  takes  a  good  polish. 

Fine  cast-brass— Brass  to  he  suitable  for  the  manufacture 
aitieles  must,  besides  being  readily-  worked  with  file  and 
possess  other  properties  of  great  importance  in  the 
manufacture  of  such  articles.  It  should  allow  of  being 
cas  ,  an  fill  the  moulds  exactly.  Further,  articles  of  lnnrr 
manufactured  from  brass  are  frequently  to  be  gilded 
jenenee  has  shown  that  brass  of  a  beautiful  color  aPP 
of  an  u  rt(iu'les  less  gold  for  the  purpose  than  bras 
to  save  gold  *  h  Pa‘&'yeIIow  ccl01'  In  order  to  be  enabta 
the  alloy  so  as  ^  ^Kle^ore  °f  importance  to  manufactun 

“by  speakWsuef  7  *  ^  shadinS  int0  rcddish'  H 

to  loo  parts  of  co  *  °yS  Contain  from  20  to  50  parts  of  M 
of  0-25  to  3  I)0rC:rr  ’  lead  or  tin>  or  both,  in  the  proportion 
the  purpose  for  /  Gach  metal  being  added,  according  w 
ing  we  give  the  co  *  the  alloy  is  to  be  used.  In  the  foll°'r‘ 
stood  a  practical  tp«t  .positions  of  several  alloys  which  ha" 

Tou9h  brass  for  tubT  ^  FeSpect- 
utensils  of  brass  are  f-  ^  C^om^cai  factories  tubes  and  odllf 
°f  resisting  chemical  ^Uentl*v  Used,  which  must  be  cap*^ 

1  ar*ng  alloys  for  this  leilc°8  as  well  as  pressure.  1 11  ^ 
employed.  The  f„now  PUrpose  pure  materials  should1' 

Positions  may'  be  recommend”1 


Copper 
Zinc .  • 
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I.  II.  III.  IV. 

80  70  66  60 

20  30  34  40 
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Uloy  No.  I.  is  used  chiefly  in  England  ;  the  other  three 

are  employed  in  German  factories. 

Hamilton's  metal,  mosaic  gold,  chrysorin. — The  alloys  known 
under  the  above  names  have  a  very  beautiful  color,  closely 
resembling  that  of  gold,  and  are  distinguished  by  a  very  fine 
grain,  which  makes  them  especially  suitable  for  the  manufac¬ 
ture  of  castings  to  be  subsequently  gilded.  1  he  alloys  are,  as 
a  rule,  composed  of  copper,  100  parts ;  zinc,  oO  to  55. 

In  order  to  obtain  a  thoroughly  homogeneous  mixture  ot 
the  two  metals  it  is  recommended  first  to  bring  into  the  cm 
cible  one-half  of  the  zinc  to  be  used ;  place  upon  this  the 
copper,  and  fuse  the  mixture  under  a  cover  ot  borax  at  as  low 
a  temperature  as  possible.  When  the  contents  of  the  ciucible 
are  liquid,  heat  the  other  half  of  the  zinc,  cut  in  small  pieces, 
until  almost  melted,  and  throw  them  into  the  crucible 
portions;  stir  constantly,  to  effect  as  intimate  a  mixture 
the  metals  as  possible. 

French  cast-brass  for  fine  castings. — As  is  well  known,  th 
bronze  industry  has  reached  a  high  degree  of  perfection 
i  ranee,  where  clock-cases,  statuettes,  and  other  article- 
luxury  are  manufactured  on  a  large  scale.  1  he  so  ml 
bronze  used  for  these  articles  is,  however,  in  most  ca.  c  . 
actual  bronze,  but  fine  cast-brass.  In  the  following  table 
kri\e  the  compositions  of  a  few  mixtures  ot  metals  ge  - 
used  by  the  French  manufacturers.  They  can  be 
cast,  worked  with  file  and  chisel,  and  easily  gilt- 
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Copper 
Zine  .  . 
Tin 
Lend 


Brutal  brass  {Prince's  metal).—  The  alloy  known  by  the 
name  possesses  properties  similar  to  those  of  the  abort 
mentioned  I  rench  varieties  of  brass,  and  can  be  j>re] 

,  accorfling  to  the  following  proportions : — 


Copper . 
Zine  .  . 


I. 

75.7 

24.3 


II. 

<52.2 

32.8 


III. 

00.8 

39.2 


Regarding  the  preparation  of  this  and  similar  alloys,  tbe 
°^s  S°°d  as  has  been  said  under  Hamilton’s  metal. 

,  .  'Metal  consists  of  brass,  with  a  small  quantity  "■ 
cobalt,  manganese,  and  phosphorus. 

*  ffilding  metals  have  the  following  composition: 


Copper  .... 
Zinc  .  . 

TIu.  .... 
Load  .... 
Kpeeifle  gravity 


I. 

<53.70 

33.56 

2.50 

0.25 

8.395 


II. 

04.45 

32.44 

0.25 

2.86 

8.542 


III. 

70.90 

24.05 

2.00 

3.05 

8.492 


IV. 

72.43 

22.75 

1.87 

2.93 

8.275 


Malleable  Ijruss. _ jp  ,  .  . 

forging  or  rolling  "  c,lHt’n&s  which  are  to  be  shape 

and  copijer-zinc-ironTn^  all°yS  rich  in  zinc  (MuntZ  "l"! 

metal,)  are  especially  8  S  metal,  sterro-metab  e 

and  the  valuable  prc  they  possessing  great  strenf 

a  red  heat.  A  eo„?  °!  bui,,«  d“»‘ile  in  ‘ho  oold  «•“  * 
cnt  of  l  lo  3  per  con,  of  ire  is  a 
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to  increase  the  malleability  at  a  red  heat ;  it  is  not  yet  decided 
whether  the  small  content  of  iron  produces  these  properties  or 
whether  they  are  due  to  the  absorption  of  the  oxygen  of  the 
copper  by  the  iron.  By  a  larger  addition  of  iron  the  ductility 
of  the  alloys  is  injured.  Bull  claims  to  produce  alloys  with 
more  than  9  per  cent,  iron  or  manganese.  The  observation 
that  brass,  which  as  ordinarily  composed  is  brittle  at  a  red 
heat,  becomes  ductile  at  a  red  heat  by  a  greater  content  oi 
zinc  (not  much  below  35  per  cent,  and  not  much  over  40  per 
cent.)  appears  to  have  first  been  made  by  J.  Keir,  of  West- 
bromwich,  near  Birmingham,  who,  in  1779,  took  out  a  patent 
for  a  metallic  mixture  of  copper,  54,  zinc,  40.5,  and  iron,  5, 
which  could  be  forged  cold  as  well  as  at  a  red  heat.  This 
alloy  ivas  to  be  used  for  ship-sheathing,  in  the  manufacture  of 
nails  and  rivets  coming  in  contact  with  sea  water,  etc.  The 
matter  fell  into  oblivion,  and  in  1832  another  Englishman, 
Muntz,  took  out  a  patent  for  an  alloy  of  copper,  60  parts,  and 
zinc,  40  parts,  or  copper,  56,  zinc,  43£,  and  lead,  3|,  intended 
for  the  same  purposes.  This  alloy  became  known  as  Muntz 
"Vital  or  malleable  brass.  It  is  still  employed,  chiefly  for  ship- 
dieathing,  bolts  and  rivets,  instead  of  copper,  because  it  is 
claimed  that  the  sea-water  attacks  the  zinc  gradually  and 
uniformly  over  the  entire  surface,  and  that  it  prevents  the 
deposit  of  barnacles,  etc.  According  to  the  most  recent  inves¬ 
tigations  this  brass,  however,  is  corroded  not  uniformly,  but 
hi  holes. 

1  o  the  malleable  varieties  of  brass  belong  : 

Malleable  brass,  Muntz  metal,  yellow  metal,  etc.  These  alloys 
Possess  the  valuable  property  of  being  ductile  in  the  heat,  and 
castings  prepared  from  them  can  be  worked  warm  like  iron. 

Yellow  metal. — This  metal  possesses  the  property  of  being 
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less  attacked  by  sea-water  than  pure  copper  and  it 
erly  much  used  for  ship-sheathing  and  in  the  nu,^ 
nails  and  rivets  coming  in  contact  with  sea-water  Si.”1"* 
introduction  of  iron  as  material  for  larger  vessels  it 
ever,  lost  some  of  its  former  importance. 

Yellow  metal  or  Muntz  metal  (so-called  after  its  inTentr, 
consists  generally  of  copper  60  to  62  parts,  sine  40  to  38 
The  metal  is  prepared  with  the  observance  of  certain  n*. 
cautionary  measures  in  order  to  obtain  it  with  as  uniform , 
grain  as  possible,  experience  having  shown  that  only  (». 
grained  alloys  of  uniform  density  can  resist  sea-water.  T, 

° ”,  88  un,form  “  as  possible,  small  samples  lata 

mm  ,e  fused  mass  are  quickly  cooled  and  examined  ask 
iracture.  If  tliP  i0*+^  i 

•  .  ^cr  does  not  show  the  desired  uniform 

but  in'  T  ZmC  18  added  to  the  fused  mass.  After  its  distri- 

tested”  ^  th<3  Gntire  maSS  afresh  samP,e  is  taken  auJ 
tained  It  continued  until  the  desired  object  is  *t- 

perience  i«  i.  •  scarce^  be  mentioned  that  considerable  ex- 
from  tlie  fractum'1  n^11  ^  COrrect  composition  of  the  alloy 
and  rolled  cold  6  mass  finally  poured  into  mould5 

Macin’ 8  t /ellow  metal  tv.-  .. 

parts  and  zinc  2-  ’  hlH  all°y>  consisting  of  copper-* 

strength,  and  can  b  **  &  dark  Solden-yelIow  color,  great 
make  it  especially  •  •  ^°r^ed  at  a  red  heat,  properties  whn1 
^  metal  ..  ^  fino  stings. 

18  chimed  to  be  especM^ ■ of  copper  66  parts  and  zinc  3* 

F  rom  experiments  &  \  &Uitable  for  ship-sheathing, 
fieen  learned  that  la<  e  *  regard  to  malleable  brass  it 1,115 

rpi  (‘°PPer  and  up  to  4177S  Contaming  up  to  58.33  per«f 
1  “  ]s,  however,  a  Se  P°r  Cerit.  of  zinc  arc  mallei1’1 

group  of  such  alloys  with  M  ° 
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per  cent,  of  copper  and  38.46  per  cent,  of  zinc,  which  are  also 
malleable  in  the  heat.  The  preparation  of  these  alloys  re¬ 
quires,  however,  considerable  experience,  and  is  best  effected 
by  melting  the  metals  together  in  the  ordinary  manner,  and 
heating  the  fused  mass  as  strongly  as  possible  ;  it  must,  how¬ 
ever,  be  covered  with  a  layer  of  charcoal-dust  to  prevent  oxi¬ 
dation  of  the  zinc.  By  the  mass  becoming  thinly-fluid  an 
intimate  mixture  of  the  constituent  parts  is  effected.  Small 
pieces  of  the  same  alloy  previously  prepared  are  then  thrown 
into  the  liquid  mass  until  it  no  longer  shows  a  reflecting  sur¬ 
face,  when  it  is  cast  into  ingots  in  iron  moulds.  The  ingots 
"bile  still  red-hot  are  thrown  into  water,  acquiring  by  this 
treatment  the  highest  degree  of  ductility.  The  alloy  properly 

prepared  must  show  a  fibrous  fracture  and  have  a  reddish- 
vellow  color. 


Aich  s  metal. — This  allov,  named  after  its  inventor,  consists 

of  *  7 

1  ras,s  which  a  considerable  degree  of  tenacity  has  been 
'parted  by  an  addition  of  iron.  It  is  especially  adapted  for 
1  rposes  where  the  use  of  a  hard  and,  at  the  same  time,  strong 
metal  is  required. 


coiding  to  analyses  of  various  kinds  of  this  metal,  it 
shows  lju 

>  e  other  alloys,  considerable  variations  in  the  quan- 

Uty  Qf  ii 

0j. .  10  Petals  used  in  its  preparation.  Even  the  content 

"ithi  ’  ^e  hardening  effect  is  ascribed,  may  vary 

b^pert"^6  without  the  strength,  which  is  the  principal 

Th  y  01  thi»  alloy,  being  modified  to  a  considerable  extent. 

com,  GS*  a^°y>  which  can  be  called  an  Aich’s  metal,  E 
posed 

teat  of  .  J  C0Pper  GO  parts,  zinc  38.2,  iron  1.8.  The  con- 
Anotho  °n  niUsf  be  limited  to  from  0.4  to  3.0  per  cent. 
Poi^j  oj.  s  nietal  showing  excellent  properties  is  com- 
°Pper  00.2  parts,  zinc  38.2,  iron  1.6. 


154 


THE  METALLIC  ALLOYS. 


The  hardness  of  Aicli’s  metal  is  claimed  to  be  not  infe' 
to  that  of  certain  kinds  of  steel.  It  has  a  beautiful  go!.] 
yellow  color,  and  is  said  to  oxidize  with  difficulty  W!ic; 
makes  it  of  great  value  for  articles  exposed  to  the  action 
air  and  water. 

Sterro-metal — The  properties  of  this  alloy  approach  cloak 
those  of  Aich’s  metal,  it  consisting,  like  it,  of  an  alloy  of  cop. 
per,  zinc,  and  iron,  but  containing  a  larger  quantity  of  the 
latter.  The  composition  of  the  alloy  may  vary  considerable, 
a  little  tin  being  sometimes  added.  We  give  in  the  following 
an  analysis  of  two  varieties  of  sterro-metal  of  excellent  quality: 

Sterro-metal  from  Rosthorn’s  factory  in  Lower  Austria.— Cop 
per  55.33  parts,  zinc  41.80,  iron  4.6G. 

English  sterro-metal  ( G edge’s  alloy  for  ship-sheathing ).— 
per  60  parts,  zinc  38.125,  iron  1.5. 

Ihe  principal  value  of  this  alloy  is  its  great  strength. 5 
which  it  is  not  surpassed  by  the  best  steel.  While  a  wrought 
n  pipe  broke  with  a  pressure  of  267  atmospheres,  a  siniih1 
11  sterro  metal  stood  the  enormous  pressure  of  703  ai®'-r 
^  hi  i  Iith°Ut  cracking.  Beside  its  strength  it  also  posset 
is  Joe  •  if6  °f  elasti(%>  and  on  account  of  these  propel 
well  known  ^  Cylinders  of  hydraulic  presses.  A;L 

sure  i.  e  t> '  ^  cy^nders  begin  to  sweat  at  a  certain  pn 

Permeates  throuXth  ^  iS  S°  ^  ^ 

sterro-metal  the  6  ^0res  the  steel.  With  a  cyhnte 
°ut  the  exterior  of °aU  ^  considerabl3’  hicreased  'rlt 

According  to  tl  e  ^  hinder  showing  any  moisture. 

sterro-metal  can  b^  for  which  it  is  to  be  used.*' 

change  in  its  Dr  ”!ade  esPecially  hard  and  dense,  1 
lcul  co,uposition  than  'h  ^  ^SS  effected  by  altering  the  <& 

A  Mechanical  manipulation. 
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If  cast  sterro-metal  be  rolled  or  hammered  in  the  heat,  it 
acquires,  besides  strength,  an  exceedingly  high  degree  of 
toughness.  In  hammering  the  metal  special  care  must  be 
had  not  to  overheat  it,  as  otherwise  it  easily  becomes  brittle, 
and  cracks  under  the  hammer. 

A  sterro-metal  containing  copper  55.04,  zinc  42.36,  tin 
0.83,  and  iron  1.77  was  tested  by  Baron  de  Rosthorn,  of 
Vienna,  and  gave  the  following  results :  * 


Material. 

Tenacity. 

1  Lbs.  per  square  Kilogrammes  per 
inch.  sq.  centimetre. 

Sterro-metal  cast . 

Sterro-metal  forged . 

Sterro-metal  cold  drawn  .  .  .  . 
Guu-bronze  cast  .... 

60,480 

76,160 

85,120 

40,320 

4252 

5354 

5984 

2834 

I  he  specific  gravity  of  this  metal  was  8.37  to  8.40  when 
f  aged  or  wire-drawn ;  it  has  great  elasticity,  stretching 
0.001  <  without  set,  and  costs  30  to  40  per  cent,  less  than  gun- 
hronze.  ^  bas  been  forged  into  guns,  cold  from  the  casting. 

'Mdal.  On  account  of  its  strength  this  alloy  is  fre- 
luently  used  for  parts  of  machinery  as  well  as  for  art  pur- 
^  closely  resembles  sterro-metal.  It  is  essentially  a 
hardened  by  an  addition  of  iron.  Besides  the  latter 
manufacturers  add  small  quantities  of  tin  and  lead ;  in 
rj.|  Samplo8  the  presence  of  nickel  has  also  been  established. 
e  lowing  analyses  of  delta  metals  give  an  illustration  of 
°m position  of  these  alloys : 


"Holley:  “Ordnance  and  Armor." 
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Copper  . 
Zinc  .  . 
Lead  .  . 
Iron  .  . 
Manganese 
Nickel . 
Phosphorus 


I. 

)er  cent 
.  55.94 
.  41.61 
.  0.72 
.  0.87 
.  0.81 
.  trace 
0.013 


If. 

III. 

IV. 

V. 

per  cent. 

per  cent. 

per  cent. 

per  cent, 

55.80 

55.82 

54.22 

58.65 

40.07 

41.41 

42.25 

38.95 

1.82 

0.76 

1.10 

0.67 

1.28 

0.86 

0.99 

1.62 

0.96 

1.38 

1.09 

_ 

trace 

0.06 

0.16 

0.11 

0.011 

trace 

0.02 

_ 

No.  I.  is  cast  delta  metal,  No.  II.  wrought,  No.  III.  rolle 
and  No.  IV.  hot  stamped. 

making  delta  metal  zinc  is  strongly  heated  (to  abo1 

1659°  xp  \  •  ® J  x 

/  ln  crucibles,  and  enough  spiegeleisen  or  ferroma 
S  intioduced  to  form  an  alloy  of  95  parts  zinc  and 

^  1  Copper  or  brass  and  a  very  small  quantity 

phosphor-copper  are  then  added. 

ht  advantages  claimed  for  delta  metal  are  great  strengl 

can  1  °US1‘ness'  11  Produces  sound  castings  of  close  grain. 
e  ro  e  and  forged  hot,  and  can  stand  a  certain  amoui 

"f  hammerinS  -hen  cold.  It  takes  a  hi* 
than  brass  "  ^  eXp°Sed  to  the  atmosphere  tarnishes  le 

about  45  000  1  dclta  metal  has  a  tensile  strength 

elongation-  whe^  SqUare  inch,  and  about  10  per o-’11 

pounds  per  square  Zch'  ^  °f  fi°’00°  ‘° 

bars  1.128  inch  •  q.  ’  °  °n&ahion  from  9  to  17  per  cen  • 

Wallace  f  giVes  |ameter  and  1  inch  area.* 

51,520  pounds  per  °  Up*niate  tensile  strength  33, 
elongation.  Sflhare  inch,  with  from  10  to  20  per ce" 

*  Iron  (London)  Vo],  21 

t  Trans,  of  the  w-/  .  ’  P‘  159‘ 
l8titution  of  tv 

aval  Architects,  1888,  p.  374. 
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foUn  bronze.— As  regards  composition  and  properties  this 
alloy  closely  resembles  delta  metal.  Analyses  of  various 
samples  showed  the  following  results : 


I. 

II. 

III. 

IV. 

per  cent. 

per  cent. 

per  cent. 

per  cent. 

Copper  .... 

.  .  .  61.203 

59.00 

61.20 

82.67 

Zinc . 

.  .  .  27.440 

38.40 

37.14 

3.23 

Tin . 

.  .  .  0.906 

2.16 

0.90 

12.40 

Iron . 

.  .  .  0.180 

0.11 

0.18 

0.10 

Lead . 

.  .  .  0.359 

0.31 

0.35 

2.14 

Silver . 

...  — 

— 

— 

0.07 

Phosphorus  .  . 

...  — 

— 

— 

0.005 

Tin*  Ansonia  Brass  and  Copper  Company  are,  according  to 
i  Lynwood  Garrison,*  the  sole  manufacturers  of  Tobin  bronze. 
L*}  claim  to  obtain  79,(500  pounds  per  square  inch  tensile 
eML.  an  elastic  limit  of  54,257  pounds  per  square  inch, 

hom  12  to  17  per  cent,  elongation  with  best  rolled  one- 

^ch  bars. 

rp  i  . 

11  L^onze,  according  to  the  inventor’s  claim,  can  be 

|(  j  ^  <U1<^  s*amped  at  a  red  heat  as  readily  as  steel.  Bolts 

('°1<1  dr- S  Can  f°r£ec^  Lrom  it  by  hand  or  machinery,  when 

th9  f^11  ^ncreased  density  and  high  elastic  limit,  and 

Well  a(j  '  it  can  be  upset,  while  hot,  make  it 

^stated  ^01  S^ec*a^  l)UrPoses-  In  forging  Tobin  bronze 

^  a  cher  L)articular  care  must  be  taken  to  work  it  only 

Llaek  ]u,.(|  C<^  and  that  it  should  not  be  worked  at  a 

Alloy  \r  r„ 

'  iNo.  IV 

T  M 


% 


iierce 


•j  given  in  the  above  table,  is  brought  into 


Vto  U!lder  tlle  name  of 
wzed  1 

*)}  °nze'  It  seems  probable  some  deoxidizing  dux 

"V  All 

Jour,  of  the 


and  i\  •  -r-i 

11  ^titute  t  1C1F  Ell«ineering  Applications. 
’  Junc  an(l  September,  1891. 
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containing  phosphorus,  similar  to  that  used  in  the 
ture  of  phosphor-bronze,  is  made  use  of  in  the  manufa^,' 
this  alloy.  Deoxidized  bronze  is  largely  used  for  woo,].",. 
digesters,  as  it  is  found  to  resist  the  action  of  sodium  hvj.  ' 
sulphite  and  sulphurous  acid  remarkably  well.  Deoxidized 
bronze  wire  has  a  tensile  strength  in  the  neighborhood  J 
150,000  pounds  per  square  inch.* 

Of  the  mixtures  of  metals  termed  brass,  the  alloys  given ii 
the  preceding  are  the  most  important  used  in  the  industry  | 
with  the  exception  of  aluminium  brasses,  which  will  bedk 
cussed  under  “Aluminium  Alloys,”  Chapter  XI.  It  wilW 
course,  be  understood  that  they  by  no  means  exhaust  the  j 
number  of  alloys  which  can  be  included  in  the  generic  ten 
brass,  that  number  being  so  large  that  they  can  scarcely k 
enumerated.  In  examining  a  variety  of  brass,  small  varia¬ 
tions  in  its  quantitative  composition  can  always  be  observed 
Xo  matter  how  small  these  variations  may  be,  they  nevertbr 
less  exert  a  great  influence  upon  the  physical  properties  ^ 
the  respective  alloys,  so  that  an  alloy  differing  but  little  h‘! 
chemical  composition  from  another  one,  may  nevertbej* 
vary  very  much  from  it  in  regard  to  its  physical  qurtlltIt 
Man}  manufacturers  are  of  the  opinion  that  the  phb 
properties  of  the  alloys  are  also  largely  influenced  1'.' 
mode  of  manufacture,  and  those  whose  products  are 
distinguished  by  great  uniformity  always  work  according^, 
a  determined  method.  Hence  the  manufacture  of  brass  ^ 
equal  importance  with  the  composition  of  the  alloys. 


Manufacture  of  Brass. 

*  C  010  Zlnc  was  known  in  the  metallic  form,  brass, 

felon.  JoVlr  of  (,<"nson’  New  AHoys  and  their  Engineering  * 

Jour,  of  the  Franklin  Inst,  June  and  Sept,  1891. 
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viously  mentioned,  was  prepared  by  fusing  copper  together 
with  zinciferous  ores,  as  calamine  or  carbonate  of  zinc,  as  well 
as  with  cadmia,  the  zinc  reduced  by  this  process  combining 
with  the  copper  to  an  alloy.  As  is  well  known,  the  chemical 
composition  of  even  the  purest  ores  from  the  same  locality 
always  varies  somewhat,  and  it  is  not  possible  with  the  use  of 
zinc  ores  to  obtain  a  mixture  of  metals  of  determined  prop¬ 
erties  and  general  uniformity.  Manufacturers  working  ac¬ 
cording  to  this  old  method  must,  therefore,  on  the  one  hand, 
use  very  uniform  zinc  ore,  and  on  the  other  possess  a  thorough 
knowledge  of  the  properties  of  brass,  so  as  to  be  able  to  tell, 
ii'om  the  color  and  fracture  of  a  sample  of  the  fused  mass, 
whether  the  alloy  possesses  the  requisite  qualities  or  whether 

Ik  requires  the  addition  of  a  further  quantity  of  zinc  ore  or  of 
copper.  Though  the  manufacture  of  brass  with  the  use  of 
Zlnc  ores  is  less  expensive  than  the  fusion  of  the  pure  metals, 

*  present  carried  on  in  very  few  places,  because  the 
^ore  modern  process  is  connected  with  less  difficulty,  and  an 
^hrelj  uniform  product  is  obtained  with  greater  ease.  F or 
|  sake  ol  completeness  we  will  briefly  describe  this  anti- 
.  *  akd  process  of  manufacturing  brass. 

Manufacture  of  brass  according  to  the  old  method  with  the 
| '  {facous  ores. — Before  the  ores  can  be  melted  they  ha\  e 

I  as  u^iec'tcd  to  a  preparatory  treatment,  in  order  to  remo\  e, 

I  arg  as  P°ssible,  admixtures  of  foreign  metals  (lead, 

I  the  C>  antimony>)  which  would  have  an  injurious  effect  upon 
cal  ^  the  brass.  The  native  calamine,  after  being 

f  the  a,  ’ 111  °rder  to  exPel  the  sulphur,  is  ground  m  a  mm, 

1  ffiixecl  6lla  C°nta*ne(i  bi  it  removed  by  washing,  and  it  is  then 
i  of  ^  at  the  ^me  time  with  about  one-fourth  its  volume 
!  bhis  mixture  is  put  into  large  cylindrical  cuui 
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bles,  with  alternate  layers  of  granulated  copper 
charcoal  is  then  thrown  over  the  whole,  and  the  eru<jr 
are  covered  and  luted  up.  The  old  form  of  furnace 
cone  with  the  base  downwards  and  the  apex  cut  off  horiz  - 
tally.  The  crucibles  were  placed  upon  a  circular  grate  J 
perforated  iron  plate  upon  the  bottom,  with  a  sufficient  qua:, 
tity  of  fuel  thrown  around  them,  and  a  perforated  cover  mai 
of  bricks  or  clay  was  fitted  to  the  mouth,  which  served  an 
register  to  regulate  the  heat.  After  the  alloy  is  supposed  it 
be  tormed  (the  time  varying  from  10  to  20  hours,  accordin' 
to  the  nature  of  the  calamine  and  the  size  of  the  crucible, 
the  heat  is  increased,  so  as  to  fuse  the  whole  down  into  ok  j 
mass.  The  till  is  then  thrown  up,  and  a  workman,  stand* 
o\ei  the  opening,  grasps  the  crucible  between  the  jaws  of  i 
pah  of  tongs  and  lifts  it  out  of  the  furnace.  The  refuse t 
•skimmed  off,  and  another  workman  then  seizes  the  crucib 
ith  a  pair  of  tongs  and  pours  the  contents  into  iron  mom  - 
guiding  the  stream  with  an  iron  rod.  During  this  pro** 
there  is  a  considerable  combustion  of  zinc,  the  metal  burn* 
" 11 1  ltS.  characteristic  blue  flame.  When  the  material  * 
g°°  *  Slngle  fusion  is  sufficient,  but  the  finer  sorts  undergo 
second  fusion  with  fresh  calamine  and  charcoal. 

comnl  vUde  braSS  may  sh°w  several  defects  in  regard  to  > 
or  the  1  11  may  eitller  contain  too  much  zinc  or  copF“ 

com  1  "  ti0n  0f  the  «*«  may  no.  have  proceeded  * 
alloy  bv  mannW-  In  sucl'  cases  it  is  possible  to  imi>»fl" 
coal!  ajd  bv0rreSP0ndiUg  addition  of  copper,  zinc  ore, 
mofoiu-  •  11  • fusing  it.  Sometimes  pieces  of  bn1 


metallic  ziuc  { 


are  also  added. 


first  glance  thio  V  fusing  the  metals  together- 

ms  w°uld  ann0«,  nner»b°P 


appear  to  be  a  very  simple  o{R 
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jt  is,  however,  connected  with  many  difficulties,  and  consider¬ 
able  skill  is  required  to  produce  brass  answering  determined 
demands  in  regard  to  fusibility,  tenacity,  etc.  In  most  fac¬ 
tories  the  fusion  of  the  metals  is  still  effected  in  crucibles 
heated  in  reverberatory  furnaces.  For  many  years  experi¬ 
ments  have  been  made  to  do  away  with  the  crucibles  and 
effect  the  fusion  of  the  metals  directly  in  special  furnaces.  It 
is  evident  that  such  a  process  of  production  would  be  con¬ 
siderably  cheaper,  as  there  would  be  no  expense  for  crucibles 
and  the  consumption  of  fuel  be  considerably  less.  The  use  of 
a  furnace  in  which  the  metals  could  be  melted  down  in  large 
quantities  would  have  the  further  advantage  of  obtaining  at 
one  operation  a  large  quantity  of  brass  of  the  same  quality. 

Ihe  results  of  experiments  made  in  this  direction  have, 
hou  ever,  been  so  unsatisfactory  as  to  force  a  return  to  the 
'I'bi  and  more  expensive  method  of  fusion  in  crucibles.  The 
neral  introduction  of  furnaces  for  melting  down  the  brass 
Unnot»  however,  be  considered  as  entirely  abandoned,  as  the 
^  hnical  difficulties  in  the  way  will,  no  doubt,  be  overcome 
r<  long.  More  recently  experiments  on  a  large  scale  have 
n  been  instituted  by  well-known  manufacturers,  which 
I  011  *  a  hope  of  final  success.  For  the  present  we  must, 

Vu>  confine  ourselves  to  a  description  of  the  best  con¬ 
ations  of  furnaces  for  crucibles. 

manner  of  constructing  these  furnaces  depends  chief!} 
^  .  Ue  to  be  used  (coal,  coke)  and  on  the  numbei  o 
S|  s  he  placed  in  the  furnace  at  one  time.  Generally 
lng’  the  furnaces  for  a  certain  kind  of  fuel  agree  in  most 
the  varmti°ns  being  chiefly  in  the  arrangement  of 

the  flrUc^es  in  the  furnace,  and  the  manner  of  distributing 

flam°  around  them. 

11 
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We  first  give  a  description  of  a  furnace  especially  adaN 
for  the  use  of  coke. 

The  furnace.  Figs.  1  and  2,  consists  of  a  vault  of  refractory 
material  and  is  about  3*  feet  high.  On  the  narrowest  place 
of  the  vault  is  an  aperture  through  which  the  furnace  com. 
municates  with  a  well-drawing  chimney.  I  he  plate  upon 
which  the  crucibles  for  melting  the  brass  stand  has  seven 

Figs.  1  and  2. 


apertures  so  arranged  that  six  of  them  are  in  the  penPllCl^ 
a  circle,  while  the  seventh  forms  the  centre  of  the  chd  ^ 
tween  these  larger  apertures  serving  for  the  reception  0  ^ 
crucibles  are  smaller  ones,  which  admit  the  air  ftoH> ■  ' 
mt°  the  funiace-  The  bottom  plate  consists  of  a  ^ 
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iron  plate  coated  with  a  layer  of  fire-clay.  The  six  crucibles 
standing  on  the  periphery  of  the  circle  have  a  height  of  1  18 

feet,  with  an  upper  diameter  of  0.65  foot,  which  corresponds  to 
a  bottom  diameter  of  0.55  foot. 


The  crucible  sitting  in  the  centre  hole  is  called  the  king 
crucible,  and  being  more  exposed  to  the  heat  is  generally 
somewhat  larger;  it  is,  as  a  rule,  1.18  feet  high- with  an  upper 
diameter  of  0.7o  foot.  The  smaller  crucibles  hold  about  92  to 
lh  pounds  of  metal  and  the  king  crucible  about  132  pounds. 


°  yhows  another  construction  of  a  brass  furnace.  As 
cp  seen  from  the  illustration,  the  space  in  which  the 
rucihles  are  placed  has  the  form  of  two  truncated  cones 
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touching  each  other  with  the  basis,  a  shaft  being  thus  formed! 
in  which  less  fuel  is  consumed  than  in  a  furnace  having  the! 
form  of  a  cylinder.  In  place  of  coke  charcoal  may  be  used  in 
this  furnace,  if  the  local  conditions  are  such  as  to  allow  of  its! 
employment  without  increasing  the  cost  of  the  brass. 

In  the  preparation  of  plate-brass  the  fused  metal  has  to  bel 
cast  in  special  moulds  to  solidify.  It  is,  however,  of  import! 


Fig.  4. 


ance  that  this  solid" f  • 

as  otherwise  the  r  C  .°U  sbould  not  take  place  too 
prevent  too  raoid  *  °*  *be  brass  might  be  injur 

ot  the  fused  mass  are  ^  °  111  ou Ids  serving  for  the  r< 

been  constructed  f0r\pj°ngly  beated,  special  furnaces 
from  the  actual  melt  in  ^  lrl)0se>  in  which  the  gases  e 
moulds.  Fig.  4  shows§tv!PaCe  U1'e  utilized  for  heat- 

cross-section.  '  instruction  of  such  a  fui 

’^e  crucibles  in  ^ 

charge  is  to  be  melte1 
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upon  a  grate ;  the  fuel  is  introduced  from  above,  and  the 
gases  of  combustion  pass  through  a  flue  into  a  space  divided 
into  several  low  stories  in  which  the  moulds  are  placed. 
With  the  use  of  coke  or  charcoal  the  work  is  verv  convenient, 
since  no  smoke  is  developed  which  could  possibly  contain 
combustible  combinations.  As  will  be  seen  from  the  above 
descriptions  of  furnaces  for  the  use  of  coke  or  charcoal,  no 
special  provisions  are  required  to  insure  a  complete  combus¬ 
tion  of  the  fuel,  it  being  sufficient  to  connect  the  furnace  with 
a  chimney  producing  a  moderately  strong  draught.  With 
the  use  of  coal  care  must,  however,  be  had  to  arrange  the 
furnace  in  such  a  manner  as  to  insure  the  complete  combus¬ 
tion  of  all  gaseous  products  evolved  from  the  coal,  as  other- 
" lse  there  would  be  a  considerable  loss  of  heat. 


Ihe  arrangement  of  furnaces  for  the  use  of  coal  is  modified 
in  various  ways.  In  one  form  of  construction  the  coal  is 
burned  upon  an  ordinary  grate,  the  gases  of  combustion  pass¬ 
ing  through  apertures  in  a  vault  of  refractory  material  into  a 
puce  in  which  the  crucibles  are  placed.  In  other  constiuc- 
ti°ns,  the  fire-box  is  entirely  separated  from  the  melting-space, 
being  only  connected  with  it  by  flues  led  off  at  the  sides 
through  which  the  flame  passes  around  the  cruibles.  Otha 
instructions  might  be  advantageously  used  for  melting  down 
biass.  By,  for  instance,  arranging  the  furnace  so  a.s  to  heat 
the  crucibles  by  gas,  the  flame  could  be  suitably  regulated  b\ 

1  dide,  and  with  the  use  of  a  generating  furnace  a  number 
belting  furnaces  could  be  kept  going  at  one  time.  The 
generating  furnace  would,  of  course,  have  to  be  placed  .o 
t°  form  the  centre  of  a  circle  on  the  periphery  of  "which 
eparate  melting  furnaces  are  located  and  connected  witl 
generating  furnace  by  suitable  flues.  W ith,  suppose,  ix 
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such  melting  furnaces,  three  could  be  supplied  with  het 
while  the  others,  after  the  removal  of  the  crucibles,  would  be 
charged  with  fresh  material. 

In  conclusion  we  will  say  a  few  words  in  regard  to  the  con- 
struction  of  furnaces  in  which  the  fusion  of  the  brass  jj 
effected  directly  upon  the  hearth.  Generally  speaking,  they 
must  be  so  arranged  that  the  copper  can  be  quickly  melted 
down  upon  a  flat  hearth,  care  being  had  that  the  gases  pass-] 
g  ovei  the  coppei  contain  a  small  excess  of  unburnt  bodies, 
e  presence  of  free  oxygen  in  the  gases  might  produce  an 

n  C0PPer>  and  the  resulting  admixture  of 

P  oxide  injure  the  quality  of  the  brass.  After  the 

.  t1  ^  COppei  *1  is  to  be  strongly  heated,  and  the  zinc,] 

<iucedl"icH7a!r^  T'  ***  H 

furnace  with  two  ^  **  f  advisab]e  to  connect  H 

ent  temperatures.  In’T*0,0'  heatinS  sPaces>  showing  differ- 
ture  the  zinc  is  heat  ^  SpUCe  sbowing  the  lowest  tempera- , 
point,  and  in  the  hotp”  ^  as  Possihle  to  its  melting! 

the  fused  mass.  Pace  the  brass  waste  to  be  added  t°  j 

By  introducing,  as  rapi(,, 

heated  into  the  heated  c  *  ^  P°ssible>  the  materials  thus  ’ 

latter  by  yielding  heat  *  t0°  raPid  cooling  off  of 

r.Lia  c  10  the  zino  .  „  i  pvl 


this  precautionary  measure  f  need  not  be  feare(b  ' 
will  remain  thinly  fluid  °  preParatory  heating  the  niet»l 

Zinc  and  the  waste  brass^  anT,^  the  introduction  of  *• 

fectly  uniform  as  regards  fmct  16  res«lting  a)loy  win  he 

The  manner  in  which  fUsio  "j6’  Uardness,  and  color. 

the  different  works.  I„  fllr  8  **Wed  varies  somewhat » 

stands  in  the  centre  of  «  circ](j  **  which  the  king-crueibi* 

the  work  is  generally  enm;  i  Utl  the  *  i  ,v 

b  *  cariled  on  as  .. ,,  res‘  on  the  peripbei?’ 

Allows 
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One  of  the  crucibles  is  lifted  from  the  furnace,  and  being 
placed  alongside  of  it  is  first  charged  with  a  small  quantity  of 
brass-waste  mixed  with  a  certain  quantity  of  pulverized  char¬ 
coal.  Upon  this  base  the  mixture  of  copper  and  zinc  in  suit¬ 
able  proportions,  previously  weighed  off  for  each  crucible,  is 
placed,  and  the  whole  covered  with  a  layer  of  a  mixture  of 
brass-waste  and  pulverized  charcoal.  It  is  also  advisable  to 
cover  the  surface  of  the  contents  ot  the  crucible  with  as  high 
a  layer  of  pulverized  charcoal  as  possible,  this  preventing  at 
least  to  some  extent  a  too  strong  volatilization  ot  the  zinc. 
In  brass  foundries  the  waste  resulting  from  casting  and  other¬ 
wise  is  always  melted  down  with  a  new  charge  ot  the  crucibles. 
The  centre  crucible,  the  so-  called  king-crucible,  is  generally 
charged  last.  In  some  foundries  it  is  even  customary  to  leave 
h  entirely  uncharged,  it  forming  then,  so  to  say,  the  inner 
casing  of  the  furnace.  This  practice,  however,  cannot  be 

recommended. 

The  period  of  the  complete  fusion  of  the  charge  dept  mb 
hie  size  of  the  crucibles,  the  fuel  used,  and  on  the  construction 
the  furnace  itself,  but  should  not  be  longer  than  trom 
t()  five  hours.  After  placing  the  crucibles  in  the  luinact 
hiel  (if  coke  or  cfiarcoaf  \)e  used)  is  heaped  around  then  , 
the  coal  placed  upon  the  grate  and  ignited.  In  working 
furnaces  provided  with  a  movable  plate  the  lattei  is  fn> 
to  time  lifted  off,  in  order  to  see  that  the  surface  of  the  me  tec 
uietul  remains  covered  with  charcoal.  When  by  hip}  j- 
l0fl  into  the  crucibles  it  is  observed  that  the  contents  a 
°Ughly  hquefied,  the  casting  can  be  either  at  once  proceeded 
"db,  or  samples  may  first  be  taken  to  test  the  (lll‘*  • 

*  e  brass,  and,  if  necessary,  change  its  propel  tie 
'  fused  mass. 
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While  in  the  course  of  fusion  care  must  be  had  to  keep  tlK  I 
apertures  through  which  the  air  is  admitted  to  the  fuel  fij  I 
towards  the  end  of  the  operation  they  are  covered  as  much  as  I 
possible  in  order  to  save  fuel.  It  is  also  of  importance  not  to  I 
force  the  heating  of  the  finished  alloy  further  than  is  abso-  I 
lutely  necessary,  since  by  strong  overheating  a  considerable  I 
portion  ot  the  zinc  volatilizes,  and  the  alloy  may  acquire  I 
properties  entirely  different  from  those  desired. 


v/woi/i/fty  l )  /  tf'Oo# 

The  casting  of  brass  requires  certain  precautionary  meas- 
oi  dei  to  obtain  homogeneous  pieces  as  free  from  flaws 
\  s‘-ible.  As  legards  the  mode  of  casting  we  especially 
istinguish  tw  o  different  methods,  viz. :  ingot-casting  and 
p  ate-casting,  the  former  serving  for  casting  brick-shaped  | 
pieces  which  are  to  be  remelted  for  further  working  or  at  once  | 

Vtb  11  the  recluired  shape,  and  the  latter  for  casting 
Plates  to  be  rolled  out  into  sheets. 

Of  brickT 'Jcub^or  Tr  ^  “  ‘°  be  CaSt  “  ^  "h"1'0 

articles,  the  onerati  t0  b®  USed  for  casting  van°US 

crucible  is  generall  °amed  on  as  follows:  The  king' 
other  crucibles  is  +vf  .  Gt  Gm^ty’  an<d  after  the  brass  in 
furnace  and  placed  •  belted  down,  is  lifted  from  tin 

glowing  coals.  0ne  c  *  depreSSiori  in  ^ont  of  it  filled  with  j 

from  the  furnace  and  its  a^er  *be  other  is  then  taken | 

ble.  As  soon  as  it  is  emptied  into  the  king-d*llCl' : 

tained  in  it  is  covered  witi  ^  y*  8Ur*>ace  °f  the  fused  metal  con 
stand  quietly  about  15  m-  *  °  arcoal  and  the  whole  allowed  toj 
form  mixing  0f  the  massed  **  °rder  *>  bring  about  a  uni'  j 
hies.  After  this  period,  th^T1^  fr0m  the  different  cru**1'  j 

charcoal  is  removed  from  *e  ■ 
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surface,  and,  after  vigorously  stirring  the  contents  of  the 
crucible  several  times  with  an  iron  rod,  the  fused  metal  is 
poured  into  the  moulds. 

As  will  be  seen  from  the  preceding  description,  the  king- 
crucible  answers  here  the  purpose  of  a  sump,  and  may  be  suit¬ 
ably  replaced  by  one.  For  this  purpose  another  furnace,  in 
which  the  sump  stands  free  and  can  be  heated  to  a  bright  red 
heat,  has  to  be  erected  in  front  of  the  furnace  containing  the 
crucibles.  This  sump  then  serves  for  the  reception  of  the 
fused  brass,  and  by  charging  the  king-crucible  also  with 
metal,  the  space  occupied  by  it  in  the  centre  of  the  furnace 
can  be  advantageously  utilized.  By  arranging  several  melt¬ 
ing  furnaces  around  the  sump-furnace  and  with  a  proper  di¬ 
vision  of  the  work,  only  one  sump  is  required,  it  being 
charged  in  rotation  with  the  contents  of  the  crucibles  from  the 
separate  furnaces. 

the  moulds  for  casting  ingots  of  brass  are  similar  to  those 
used  for  casting  pig-iron.  The  patterns  for  the  moulds  are  of 
1  "°od,  and  have  generally  the  form  of  bricks  with  oblique 
!  ^es-  The  patterns  are  pressed  alongside  each  othei  in  vet 
Moulding  sand,  a  small  gutter  being  left  between  each  two 
moulds  through  which  the  metal  after  one  mould  is  filled 
runs  into  the  other. 

The  object  being  not  so  much  to  give  the  ingots  a  beautiful 
aPpearance  as  to  obtain  them  in  a  handy  form,  the  sand 
!  niaking  the  moulds  need  not  be  especially  fine.  The  cob 
Ugots  of  brass  have  quite  a  rough  surface,  and  must  be 

J1u  adhering  grains  of  sand  by  rubbing. 

..  i  or  casting  articles  to  be  subsequently  turned  01  v  ' 
f.  d1  the  file,  special  care  is  required  in  making  the 
|  '  Ha  mle  the  ingots  are  remelted  in  a  wind  furnace,  a  cei  am 
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quantity  of  brass  or  of  zinc  in  pieces,  according  to  the  quality 
the  article  to  be  cast  is  to  have,  being  added  to  the  fused 
metal.  For  remelting  brass  graphite  crucibles  are  generally j 
used,  less  dross  adhering  to  their  walls  than  to  those  of  the 
rougher  clay  crucibles. 

The  moulds  used  for  casting  articles  of  brass  are  sometimes 
made  of  loam,  and  must  be  sharply  dried  before  use  to  prevent 
cracking.  Suitable  moulding  sand  is,  however,  generally  pre-j 
ferred.  The  condition  of  the  sand  is  of  great  importance  fori 
the  surface  of  the  cast  article  ;  if  it  be  too  meagre  the  surface! 
is  rough,  and  requires  much  after-work  in  turning  or  filing.! 
Meagre  sand  is  improved  by  adding  a  small  quantity  of  ordi-j 
nary  flour  paste  or  some  sugar  syrup.  If  the  sand  is  too  fat, I 
this  property  is  decreased  by  the  addition  of  some  finely! 


pulverized  charcoal. 

In  order  to  obtain  perfect  castings  great  attention  must 
paid  to  the  temperature  of  the  fused  brass.  Overheated  m 
gives,  as  a  rule,  porous  castings,  and  if  it  be  too  cool 
mould  is  incompletely  filled  out,  which  with  delicate  arti< 
may  spoil  the  entire  casting.  The  metal  must  be  poured 
an  uninterrupted  stream  into  the  mould,  otherwise  flaws  * 

it  mav  ?  G  f°r?d  and  the  casting  be  useless.  In  conclus 
provided  for  the  makl“8  th°  vents  must 

B ■  Oadh^g  „f  plate\  '“  aqueous  vapor  evolved. 

or  Wire-brass  the  metal  T  ' °r  ‘he  PreParatiol>  of  sheet'1’' 

corresponding  thickness'*8!!0^  ^  “  th*  f°rm  °f  pl,t* 

tlie  metal  to  retain  tl  be*n£  absolutely  necessary 

tions  must  he  taken  ii  ^loh01kv  of  ductility,  special  PreC 
Many  attempts  hJe  b^”8, the  castin8‘ 
most  cases  the  casting  t  1Uade  to  use  iron  moulds,  1>U 

rned  out  failures,  on  account  of 
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brass  cooling  off  too  rapidly.  This  evil  might,  however,  be 
overcome  by  heating  the  moulds  in  a  special  furnace  previ¬ 
ously  to  casting  and  returning  them  to  the  furnace  after  cast¬ 
le  where  by  a  suitable  regulation  of  the  temperature  the 
castings  could  be  cooled  off  as  slowly  as  desired.  Such  furnace 
could  be  built  on  the  same  principle  as  the  cooling  furnace 
used  in  glass  houses. 

Loam  moulds  give  good  castings,  but  have  the  disadvantage 
of  breaking  readily,  which,  to  be  sure,  might  be  overcome  by 
edging  the  loam  plates  with  band-iron.  At  present  small 
moulds  of  sand  are  frequently  used  in  many  foundries,  which 
must,  of  course,  be  thoroughly  dried  in  special  furnaces  previ¬ 
ously  to  casting.  With  the  use  of  small  moulds  and  careful 
work,  faultless  plates  can  be  readily  cast,  while  with  large 
moulds  it  frequently  happens  that  some  places  of  the  plate  are 
defective  and  have  to  be  cut  out. 

In  many  places  granite  moulds  are  still  in  use,  and  yield, 

according  to  the  statements  of  manv  manufacturers,  the  best 

«/ 

1(. "lilts.  The  preparation  of  these  moulds  requires  great  care, 
dm  following  points  deserving  special  attention  :  The  granite 
^a*es  ^ave  to  be  provided  with  a  uniform  coating  of  clay, 
ddh  must  always  be  kept  in  such  a  condition  as  to  insuie 
otmost  uniformity  in  the  surface  of  the  plates,  do  pu> 
j"nt  the  cracking  of  the  coating  of  clay,  it  is  covered,  after 
cough  smoothing,  with  a  thin  layer  of  cow-dung. 

.  e  granite  plates  thus  prepared  are  arranged  in  the  fol 
rnanner  •  The  upper  plate  is  suspended  over  the  lovci 
jro  ’  f16  sPace  or  mould  between  the  two  being  limited  by 
the  <lrS  °n  l°wer  stone,  which  is  a  little  longei  than 
011e>  and  projects  to  the  front  so  as  to  form  a  lip  0 
piece  for  receiving  the  metal.  The  plates  aie  houn 
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together  with  iron,  and  raised  on  one  side  so  that  they  stand 
at  an  angle  of  45°.  As  soon  as  the  casting  is  finished  and 
the  metal  is  supposed  to  be  solidified,  the  sheet  of  brass  is 
carefully  taken  from  the  mould.  With  sufficient  precautions 
such  granite  moulds  can  be  used  for  a  long  time  without  the 
coating  of  clay  becoming  damaged,  and  the  sheets  turn  out 
very  uniform  after  the  mould  has  once  been  heated  bv  several 
castings.  One  and  the  same  mould  is  frequently  used  con¬ 
tinually.  in  order  to  keep  it  warm,  and  if  it  has  to  stand  empty 
tor  some  time  it  is  enveloped  in  a  bad  conductor,  as  a  coarse 
carpet,  to  prevent  its  cooling.  If  the  mould  is  damaged  it 
must  be  carefully  mended,  and  the  mended  places  sharph 
dried  to  prevent  cracking. 

e  "kcet*  of  brass  taken  from  the  mould  are  subjected  to 
hanical  cleansing,  and  at  the  same  time  carefully  iQ' 
1  ed,  being  defective  sheets  remelted. 

P  e-  ent  time  the  plate-brass  obtained  by  casting  * 

narldV-  *°rkeA  mto  sheet-brass,  which  was  formerly 
rolbno-  L  ammenng,  but  now  bv  rolling.  In  some  case* 


cring,  as,  for  instance,  in 


the 

•tab 


ii-  .  o)  nov 

ease  of  1^7^^ 

which  is  distineui  l  a  sheet'brass  known  as  Dutch  me 

being  pressed  together^  ^  PeCUbar  clear  sound  ^  eUUt' 
pared  for  rolling  by  hL  Vh]QkeT  Plates  are  occasional!}  ; 
the  rolls  the  sheets  are t^Inering-  After  each  passage  through 
to  obtain  greater  ductibt  ^  a  bea,bing  furnace,  quenche 
to  the  desired  thick  n^!  ’  ^  theu  rolled  cold  until  reduce1 
ductile  in  the  heat,  the  ^  'Vorking  brass  which  is  °nl- 
state  through  the  rolls'  '***  mUSt  of  <*urse  pass  in  a  h°* 
Before  rolling.  the  ^  reduced  to  the  proper  ** 
coated  with  oil.  After  ’  nd  betimes  the  rolls  also,  a11’ 

'"8  th«mgh  the  rolls  .he  she* 
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brass  is  finally  subjected  to  a  treatment  which  decides  whether 
it  is  to  be  soft  and  flexible,  or  hard  and  elastic.  For  soft 
sheet  the  rolled  sheet-brass  is  again  heated  and  quenched 
while  for  hard  and  elastic  sheet  the  heating  is  omitted,  and 
the  sheet  several  times  more  rolled  cold. 

The  sheets  are  generally  heated  in  a  reverberatory  fur¬ 
nace  heated  by  wood  or  gas.  Siemens  has  constructed  re¬ 
generative  gas  reverberatory  furnaces  for  heating.  Coal,  if 
used  in  such  furnaces,  yields,  on  account  of  the  sulphur  con¬ 
tained  in  the  gases  of  the  fire,  a  product  which  after  cleansing 
does  not  show  a  beautiful  yellow,  but  a  red  color,  which  is 
Jue  to  the  copper  having  entered  into  combination  with  the 
sulphur  contained  in  the  gases  of  the  fire.  If  coal  is  to  be 
und  as  fuel,  either  furnaces  with  iron  or  clay  muffles  washed 

^  ^le  ^ame  are  used,  or  the  coal  is  converted  into  gases, 
"liith  before  combustion  are  sucked  by  means  of  an  exhauster 
‘tough  milk  of  lime  to  remove  their  content  of  sulphurous 
j  Regenerative  gas  firing  is  advisable  especially  for  large 
J^lng  furnaces,  since  by  directing  the  flame  now  to  one  side 
^  ^  then  to  the  other  a  more  uniform  heat  can  be  obtained 
^  the  temperature  more  readily  regulated. 

.  bS’ f)  ail(^  ^  show  a  reverberatory  furnace  for  wood  firing, 
hunished  with  a  grate  a ,  4  feet  long  and  2  feet  wide ;  the 
j8  ^  Projects  about  If  feet  above  the  hearth  c,  which 

w^h  the  grate;  the  hearth  is  about  9  feet  long 
3  feet  feet  wide.  The  arch  behind  the  fire-bridge  is  about 
lo>a,  ail(^  file  flue  d  opens  about  1  foot  above  the 


leurth. 

l%ed 


iIle  sheets  rest  upon  rails  e  so  that  they  are  also 

Tlit>  ./>0U  *r°m  helow  by  the  flame. 
iiage  r  G^s  t°  be  heated  are  frequently  placed  upon  a  cni- 
^hig  upon  wheels  and  rails,  which  when  the  charge 
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is  heated  is  withdrawn  and  replaced  by  another  loaded  car¬ 
riage.  This  plan  has  the  disadvantage  that  through  the  in- 
termediate  space  required  for  the  movement  of  the  carriage 

Fig.  5. 


and  the  expansion  of  the  bottom,  much  cold  air  passes  be¬ 
tween  the  bottom  of  the  hearth  and  the  furnace  into  tbehea* 


Fig.  g. 


lng  Space  an<l  cools  off  th  , 
consequently  more  f  e  lumace,  whereby  more  tir 

required  for  heating-  1 
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brass  factories  this  evil  has  been  overcome  as  follows :  On 
both  sides,  the  entire  length  of  the  furnace,  run,  below  the 
bottom  of  the  hearth,  hearth-plates  with  their  angles  turned 
downward.  Corresponding  to  this,  angle-irons  turned  upward 
are  placed  with  sufficient  play  on  both  sides  of  the  carriage 
so  that  on  the  carriage  wheels  a  sort  of  gutter  is  formed  which 
is  filled  with  fine  sand.  On  pushing  the  carriage  into  the 
furnace  the  angle-irons  of  the  furnace  sink  into  the  sand  and 
thus  prevent  the  access  of  air.  This  arrangement  is  said  to 
decrease  the  consumption  of  fuel  one-third. 

Cleansing  or  Pickling  of  Brass. 

1  he  finished  sheets  have  a  black  color,  which  is  partially 
due  to  the  formation  of  cupric  oxide  on  the  surface  and  par- 
tially  to  sulphur  combinations  formed,  as  previously  men¬ 
tioned,  by  heating  with  coal  in  annealing.  As  a  rule  brass 
18  ',,ougbt  into  commerce  in  a  bright  state,  the  only  excep¬ 
tion  being  the  thicker  sheets,  which  retain  their  black  coat- 
"hn  In  order  to  impart  to  the  sheet  its  characteristic  beauti- 
yellow  color,  it  is  subjected  to  a  final  operation  termed 
ladling  or  dipping.  This  operation  simply  consists  in  treat- 
^  the  sheet  with  acid,  which  removes  the  layer  of  oxide  to 
"lllch  the  black  color  is  due.  The  pickling  is  commenced 
'  facing  the  sheets  in  a  fluid  consisting  of  10-  parts  of  watei 
^  t  °f  sulphuric  acid.  The  layer  of  oxide  quickly  dissoh  es 
^  11  fluid  and  the  sheets  show  the  pure  yellow  brass  colon 
di.ter  this  operation  the  sheets  may  be  at  once  washed  and 
aild  brought  into  commerce. 

tr  mos*  cases  the  sheets  are,  however,  subjected  to  a  .second 
*ith  acids  in  order  to  impart  to  them  a  beautiful 
hence  the  treatment  with  sulphuric  acid  b  gciun 
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termed  preparatory  pickling.  As  the  actual  pickle,  either 
nitric  acid  by  itself  is  used  or  a  mixture  of  two  parts  of  nitric 
acid  and  one  part  of  sulphuric  acid.  Pickles  containing 
nitric  acid  possess  the  property  of  dissolving  zinc  from  the 
brass  quicker  than  copper,  the  surface  of  the  sheet  acquiring 
in  consequence  of  it  a  warmer  tone,  shading  more  or  less  into 
reddish.  By  exercising  great  care  dilute  nitric  acid  by  itself 
may  be  used  as  a  pickle,  but  the  sheets  must  be  immediately 
washed,  since  if  only  the  sligtest  trace  of  the  acid  remains, 
they  acquire  after  some  time  a  greenish  color  due  to  the  for¬ 
mation  of  a  basic  cupric  nitrate. 


It  has  been  observed  that  nitric  acid  containing  a,  teunm 
quantity  of  nitrous  acid  yields  especially  beautiful  shades  of 
color.  1  o  obtain  them  a  small  quantity  of  organic  substance 
i*  added  to  the  nitric  acid  or  to  the  mixture  of  nitric  and  sul- 
1  uiic  acids.  The  most  curious  substances  are  used  lor  the 
^  ^  se’  suuff,  for  instance,  being  highly7  recommended 

■  \  '  11}  efficacious  in  producing  beautiful  colors.  1  he  use 

hucli  substances  is,  however,  entirely  superfluous,  there  bo- 

I  8  ,  of  cheaper  organic  substances  which,  "ho'1 

jug  it  together  with  concentrated  nitric  acid,  evolve  nitrous 

nitric  a  'a  °  °f  tkese  materials  is  dry  saw-dust,  t'ie 

orange-yellowed11118  iT  ^  after  itS  introductl°n  ^ 

snio„  „yf  the  whrh  is  due  to p**™* dwo,,,l: 

acid.  After  t.  u-  aci  ’  prominent  among  which  is  i^tI()l 

washed,  best  in  ru*  ^  SheetS  from  the  Pickle  they 
traces  of  acid  ^  Wa^er>  in  order  to  remove  the 

hy  quick  pickbnrv  +i 

moval  of  the  laVr-  ^  ar.tlcies  are  obtained  bright  by  1 11 


removal  of  the  la  -  .  lCles  ar<  _ ,0_ 

metal.  But  80m  +•  0xble  troni  the  smooth  surface  of  d 
Uieiunes  a  dull  1 

lustreless  surface  is  to 
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parted  to  the  brass,  which  is  effected  by  treating  the  articles 
with  a  boiling  pickling  fluid  composed  also  of  nitric  and  sul¬ 
phuric  acids.  In  many  factories  this  pickle  is  prepared  by 
dissolving  1  part  of  zinc  in  3  of  nitric  acid  and  mixing  the 
solution  with  8  parts  each  of  nitric  and  sulphuric  acids.  The 
solution  is  heated  in  a  porcelain  dish,  and  the  articles  to  be 
pickled  dipped  in  it  30  to  40  seconds.  In  dipping  the  brass 
articles  large  masses  of  red-brown  vapors  originating  from  the 
products  of  decomposition  of  the  nitric  acid  are  evolved  which 
strongly  attack  the  lungs.  The  operation  should  therefore  be 
executed  under  a  well-drawing  chimney,  or,  still  better,  in  an 
open  space. 

The  pickled  articles  have  a  gray-yellow  color,  and  in  order 
to  bring  out  the  pure  yellow  color  are  immersed  for  a  few  sec¬ 
onds  in  pure  nitric  acid.  They  are  then  drawn  through  a 
weak  solution  of  soda  or  potash  and  finally  washed.  The 
bright  metal  losing  its  beautiful  color  on  exposure  to  the  air 
hi  consequence  of  oxidation,  the  articles  after  drying  must  be 
coated  with  good  varnish. 


Red  Brass.. 

^  hh  an  increase  in  the  content  of  copper  the  color  ol  brass 
Ganges,  and  its  properties  as  regards  ductility,  strength,  and 
toughness  approach  more  closely  those  of  copper.  On  account 
dicir  color,  which  facilitates  gilding  so  that  only  a  compni 
atively  small  quantity  of  gold  is  required  for  the  production 
ai ticles  presenting  a  fine  appearance,  the  compound? 

^hig  to  this  group  are  chiefly  used  for  articles  to  be  ^il 
*he  color  of  red  brass  being  more  agreeable  to  the  e\  e  than 
j  '  ordinary  brass,  it  is  also  frequently  used  toi  aiti 

Squiring  special  hardness  and  strength,  as  door-kno 
12 
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escutcheons,  curtain-rings,  etc.  It  has,  however,  the 
vantage  of  turning  black  quicker  than  ordinary  brass. 

The  content  of  copper  in  red  brass  amounts  up  to  80J 
cent,  and  over,  and  to  modify  the  properties  of  the  alloy  ac¬ 
cording  to  the  purposes  they  are  to  serve,  tin  or  lead,  or  some¬ 
times  both,  are  frequently  added  to  the  mixture.  Red  bras 
being  frequently  used  for  articles  made  by  “  striking  up”  in 
a  die  under  a  press  or  a  drop-hammer,  it  must  possess  a  high 
dcgiee  of  ductility  and  toughness  to  prevent  the  cracking  of 
the  articles.  Red  brass  comes  into  commerce  under  a  great 
many  names,  such  as  tombac,  talmi-gold,  etc.  But  all  these 
alloys,  no  matter  under  what  name  they  may  be  know, 
ee  in  containing  a  high  percentage  of  copper.  The  man- 
preparing  castings  and  sheet  being  exactly  the  same  a* 
described  for  brass,  we  proceed  at  once  to  give  the  coni- 
Tom!  ^  most  important  alloys  belonging  to  this  group- 

r:v  j  *  *le  uame  this  alloy  is  said  to  have  been  de- 

nved  from  the  \rui„ 

whil,.  ,  ‘"layan  wor<l  tambaga  (actually  copl>4 
^Zt"Va  °thei'  Stat~  »  has  been  fortaed  * 
(white  c!pp„rf  bl6S  °f  the  C1'inese  packfong  or  packW 

to  16  parts  of  84  to  85  parts  of  copper  and  P 

much,  as  seen  from  tlle  fo®  ProPortions  vary,  however-  ver- 


lowing-  table : 
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Parts. 


Copper. 

Zinc. 

Lead. 

Cast-tombac,  German . 

.  .  87.00 

13.00 

_ 

“  English  .... 

.  .  86.38 

13.62 

— 

Tombac,  German  (Oker)  . 

.  .  85.00 

15.00 

— 

“  “  (Hegermiihl)  .... 

.  .  85.30 

14.70 

— 

“  Paris  (red)  . 

.  .  92.00 

8.00 

— 

“  for  gilding,  German  .  .  .  . 

.  .  97.80 

2.20 

— 

“  “  French . 

86.00 

14.00 

— 

“  German  (Ludenscheid)  .  .  . 

.  .  82.30 

17.70 

— 

“  French  (yellow) . 

.  .  80.00 

17.00 

3.00 

“  golden-yellow . 

.  .  89.97 

9.98 

0.05 

“  u  u 

.  .  82.00 

17.50 

0.50 

lhe  best  Berlin  alloys  (so-called  bronzes)  for  lamps  and 
chandeliers  contain,  as  a  rule,  80  per  cent,  copper  and  20  per 
cent.  zinc.  For  ordinary  work  an  alloy  with  33  per  cent, 
hnc  is  used.  Castings  to  be  worked  with  a  lathe  contain  40 
per  cent.  zinc.  The  so-called  Lyons  gold  is  tombac. 

fhe  color  of  tombac  varies  from  pure  copper  red  to  orange- 
ullow,  according  to  the  content  of  copper,  though  a  red  color 
%  no  means  a  criterion  as  regards  the  content  of  coppei , 
since  an  alloy  of  49.3  parts  of  copper  and  50.7  of  zinc  is  red- 
^cr  than  one  of  4  parts  of  copper  and  1  of  zinc,  lhe  moie 
copper  the  alloy  contains  the  more  fine-grained  and  ductile  it 
generally  is. 

Many  small  articles,  as  candle-sticks,  inkstands,  etc.,  which 
are  sometimes  gilt,  are  made  from  a  compound  designated  m 
c°mmerce  as  bronze,  which  is,  however,  not  bronze,  but  only 
Ambles  it  in  color.  Such  alloys  are  also  frequently  used 
for  casting  small  statues,  for  which  they  are  well  adapted, 
8lnce  they  fill  the  moulds  very  uniformly.  The  composition 
these  alloys  varies  very  much,  though  zinc  and  coj  [ 

38  a  rule,  the  actual  constituents,  an  admixture  of  tin  occur- 
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ring  only  occasionally.  Wc  give  a  few  compositions  of  n„« 
(imitation)  bronze : 


Copper 
Zinc  .  . 


I'nru*. 

■ - - - 

I.  II.  III. 

80  (17  7H 

20  88  24 


Mannheim  gold  or  similar. — This  alloy  lias  a  beautitoll 
golden  yellow  color.  Its  composition  varies  considerably. 


Parts. 

I.  II. 

CoPI*r . 89.* 

Zlnc . 9.6 

Tln .  0.b 

alloy  may  also  be  obtained  by  melting  together^'1 
].arts  of  copper,  29.8  of  brass,  and  0.6  of  finest  tin. 

Mannheim  gold  was  formerly  much  used  in  the  named 
turn  Of  buttons  and  pressed  articles  of  a  gold-like  upprarsn 

u  i  tas  recently  been  superseded  bv  alloys  which  surje 
H  as  regards  beautiful  color. 

alW^”  n^W<<>^)~Thi8  ten"  ^  applied  to 
alloys  resembling  Lr0M  „.i  •  ,  1 

parts,  zinc  7.9,  Kad  ,  J  '  ,1,a-v  °°nsist  of  \ 

1.90.  ’  or  c°ppcr  58.68,  zinc  .‘W.T-  *' 

The  beautiful  color  of  <»  •  „ 

ure  to  the  uir,  hut  e«i  U*  * 80011  disappears  0,1 
articles  manufaetui^t  pPe8e^ved  for  some  time  by 

t'hryeochalk  ig  general  1  **  U  co^or^t's‘*i  var1' 

as  watch-chain*  urt:  l  '  for  opdinarv  gold  units*** 

.  '^“--Thi,  £**"**  -c- 

SI8U  ,,f  «»  part,  of  c, ;  ’  by  Rauaclienlierger,  < 

***  “*««***.  Us  color  tee 
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bles  that  of  18  to  20  carat  gold,  and  does  not  tarnish  in  the 
air. 

Pinchbeck. — The  alloy  known  under  this  name  was  first 
manufactured  in  England,  and  is  distinguished  by  its  dark 
gold  color  which  comes  nearest  to  that  of  gold  alloyed  with 
copper.  Pinchbeck  being  very  ductile  can  be  rolled  out  into 
very  thin  plates,  which  can  be  brought  into  any  desired  shape 
by  stamping.  The  alloy  does  not  readily  oxidize  in  the  air, 
and  is,  therefore,  well  adapted  for  cheap  articles  of  jewelry, 
tor  which  it  is  principally  used.  Pinchbeck  answering  all 
demands  is  composed — 

Parts. 


Copper 
Zinc . 


Or 


I. 

88.8 

II. 2 


II. 

93.6 

6.4 


Brass . 1.0  0.7 

Copper . 2.0  1.28 

Zinc . .  o.7 


^°mde  or  oroide  (French  gold).— This  alloy  is  distinguished 
^  beautiful  color,  which  resembles  that  of  gold  so  closely 
Scaicety  any  difference  can  be  detected  on  comparing  the 
^  metals-  Besides  its  beautiful  color  it  has  other  valuable 
re?er^es’  ^  being  very  ductile  and  tough  so  that  it  can  be 
poli  Stamped  any  desired  shape;  it  also  takes  a  high 
fork  1  ^  ^  frecluently  used  for  the  manufacture  of  spoons, 

lar  J  G^c'’  ^ut  being  injurious  to  health  on  account  of  it 
^fect  C°ntent  °f  C0PPer>  is  not  suitable  for  the  purpose.  1  he 
tpass  l0llS  for  preparing  this  alloy  vary  very  much,  some 
ti0ris.  l0m  ^ar*s  factories  showing  the  following  compo.  i 
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Zinc 
Tin  . 
Iron  . 


90 

10 


80.5 

14.5 


68.21 
13.52 
0.48  f  | 

.  0.24  1  ' 

AeeMdmg  to  a  special  receipt,  oreide  is  prepared  in  fc 

conlnTsW11^  Meh  100  ^  °f  °°PPer  and  * 

18  of  r  ng  ’  PartS  °f  maSnesia>  3-6  of  sal  ammoniit 

and  th  lmjj  and  9  °f  C1'Ude  tartar-  Stir  a«ain  thoroughlv 
and  1  e„  add  17  parts  of  granu]ated  ^  ^ 

one  lnmr  ^Tl'  ^  'lg0r0US  stirrinS>  kceIJ  the  alloy  liquid k 
ajl0  1Gn  lena°ve  the  cover  of  froth  and  pour  out  the 

rings,  bracelet m  ^'lleaP  articles  of  jewelry,  chains,  ear- 

Paris  under  th  1  M  Gre  bought  into  commerce  from 
by  beautiful  w  i^^6  Ldmi-gold,  which  were  distinguish"1 
Later  on,  when  ^mans^Pb  a  ^ow  price,  and  great  durabili 
ti°n,  other  alloys  bad  required  considerable  rej'11 

!nerce  under  the  -  *  1<l^ler  nietals,  were  brought  into  101 
g0ld  c°lor,  howeveSame  which  stained  their  beautif 

fl'0m  thei*  were  not  ^  &S  Iong  as  the  articles  manufoctu" 

The  finer  ®  not  Used. 

b°*  SO1U0  tlme  and  Jonl  tdlnil'gold  retains  its  pure  gold 
b-  covered  Wlth  a  ^  actuaHy  of  brass  or  copper  or 

pl  "I'  Th«P.at:tte°^old  combined  ih  tie 
W  that  article  b  6  H  Ug  °f  g°W  “° 

tbr  years  witlioluS]  lnailUfaetuVe(l  ,U  adheres  so  hnnly  1° 

tn  modern  tim  tbeir  b  ^l0111  the  metal  can  be  1 
market  which  are  si  0f  t.  aPpearance. 

6lectr0>.  lni“^°ld  are  brought  ■ 

^ed,  the  coating  ot  r 
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being  in  many  cases  so  thin  that  by  strong  rubbing  with  a 
r0Ugh  cloth  the  color  of  the  base  shows  through.  Such  arti¬ 
cles,  of  course,  lose  their  gold-like  appearance  in  a  short  time. 

In  the  following  table  we  give  the  composition  of  a  few 
allovs  used  in  the  manufacture  of  articles  of  talmi-gold ;  it 
will  be  seen  that  the  content  of  gold  varies  very  much,  the 
durability  of  the  articles  manufactured  from  the  respective 
alloys  being,  of  course,  a  corresponding  one.  The  alloys  I., 
II.,  and  III.  are  genuine  Paris  talmi-gold ;  IV.,  V.,  and  A  I. 
are  imitations  which  are  electro-plated,  and  YII.  is  an  alloy 
of  a  wrong  composition  to  which  the  gold  does  not  adhere. 


I. 

II. 

III. 

IV. 

V. 

VI. 

VII. 

Copper  .  . 

89.88 

90.79 

90.00 

/  90.69 
\  88.16 

f  87.48 
\  83.13 

r  93.46 
(  84.55 

86.4 

Zinc.  .  .  . 
Tin  . 

9.32 

8.33 

8.9 

(  8.97 
\  11.42 

f  12.44 
\  16.97 

/  6.60 
\  15.79 

12.2 

1.1 

bon  . .  .  [ 

_ 

— 

0.3 

Gold .... 

1.03 

0.97 

0.91 

j  0.05 
\  - 

r  0.03 

(  0.05 

— 

Toner's  metal— This  alloy  is  distinguished  by  great  hanl- 
and  differs  from  the  previously  described  compounds  in 
staining  arsenic.  It  has  a  beautiful  tombac  red  color.  Its 
Proposition  is  not  always  the  same,  the  quantities  of 
Proponent  metals  varying  within  wide  limits.  1  he 
actually  deserving  the  name  is  composed  ot  coppei  <  ] 

Z*nc  2,  arsenic  1  to  2. 

-According  to  this  composition  Tissier  s  metal  ma> 
srdered  a  brass  containing  a  very  high  percentage  o  11 
ail<l  hardened  by  an  addition  of  arsenic.  It  ib  som 
uPd  for  axle-bearings,  but  can  be  very  suitably  replace  >' 
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other  alloys,  to  be  mentioned  further  on,  which  are  n,  * 
to  it  on  account  of  lacking  the  dangerous  arsenic. 

Tournay’s  metal. — This  alloy  is  much  used  by  the  par* 
manufacturers  of  bronze  articles,  and  on  account  of  its  great 
ductility  can  be  advantageously  employed  for  the  nianu 
facture  of  cheap  jewelry  to  be  made  from  very  thin  sheet 
It  is  also  well  adapted  for  the  manufacture  of  buttons.  It  js 
composed  of  copper  82.54  parts,  zinc  17.46. 

Platina,  a  white  alloy,  especially  suitable  for  buttons,  con¬ 
tains  80  parts  brass  and  20  copper. 

Manilla  gold  consists  of  copper  and  zinc,  or  lead. 

Dutch  leaf  or  Dutch  gold.  Copper  77.75  to  84.5  percent, 
zinc  15.5  to  22.25  per  cent. 

The  alloy  is  pale  to  dark  yellow  according  to  the  propor- 1 
tions  of  copper  and  zinc  used.  Being  very  ductile,  it  is  em¬ 
ployed  in  the  manufacture  of  Dutch  leaf  or  Dutch  gold, 
he  allo\  is  melted  in  graphite  crucibles  and  cast  in  iron 

in  ^  *°  Sem^"c^rcu^ar  bars  about  24  inches  long  and  \  or  I 
me  i  wide.  The  bars  are  then  rolled  cold  and  each  resulting 
Tl  on  is  made  into  a  pile  about  2  feet  long  and  beaten  under 

anl  rrr  t0  a  ribb0n  aw  1 J  inches  wide.  It  is  H 
furth  J  and  beaten  into  a  ribbon  2*  inches  wide,  and,  aft* 
ribbon  &  ^  ™  ^  ‘°  4-  inches  wide.  This  ft* 

bright  in  aPltled  m  dUute  sulphuric  acid,  washed,  bo'1* 
The  ribbon?0..  SOlUt'°n’  "'ashed>  brushed  and  quickly  dr>c  ■ 


then 


into  a  pile??.?1?  thc“  cut  UP  and  1000  to  2000  pieces  m11* 

I  aLn“n  ^  Und»  ‘ho  hammer.  The  material  j 

ae0lJ 

leaf 
ild 


inen  again  cut  u  ue  nammer.  1  ne  IIirt 

and  reduced  bv  /  ^  ^°<lVes  are  placed  between  parch11 

then  cut  m,  :  .  a^out  5f  inches  square,  had1 

heaters’ skiu  1  °  Pieces,  which  are  placed  between 

“d  ^u  by  hand  to  about  four  times  the  ^ 
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of  the  original  leaf.  The  hammer  used  weighs  5 \  to  11 
pounds,  and  the  work  is  performed  upon  an  anvil  of  dolomite 
by  alternately  beating  with  the  right  and  left  hand,  and  turn¬ 
ing  the  package  with  the  free  hand.  The  package  is  made  up 
of  from  800  to  1000  gold  beaters’  skins,  between  which  the 
metal-leaves  are  placed ;  on  top  and  bottom  come  six  parch¬ 
ment  leaA  es,  and  the  whole  is  then  tied  up  in  parchment. 
After  the  above-mentioned  hammer  has  been  used  for  about 
one  hour,  beating  is  continued  for  about  2  hours  with  a  ham  • 
mer  weighing  from  12  to  16  J  lbs.  To  prevent  the  leaves 
from  adhering  to  the  skins  in  consequence  of  the  develop¬ 
ment  of  heat,  they  are  coated  with  gypsum.  The  leaves 
^hen  taken  from  the  skins  are  trimmed  and  placed  in  small 
l>ooks  between  tissue  paper  rubbed  with  colcothar.  Each 
book  contains  21  to  25  leaves. 


butch  leaf  is  used  for  gilding  all  sorts  of  articles,  and  its 
beautiful  color  may  be  preserved  for  some  time  by  applying  a 
(oat  of  thin  colorless  or  slightly  yellow  varnish.  By  adding 
to  the  latter  a  small  quantity  of  a  pure  color — aniline  colors 
being  well  adapted  for  the  purpose — the  color  of  the  leat  can 
bo  readily  changed  to  red,  green,  violet,  etc. 

Bronze  powders.  The  bronze  powders  used  for  coating  me- 


tallic  and  non-metallic  articles  (wood,  plaster  ol  paris,  oil- 
\  cl°th,  wall  paper,  etc.),  consist  of  tombac-like  alloys.  For 
[  Colors  shading  strongly  into  white,  metallic  mixtures  with  a 
j  *dgh  percentage  of  zinc  are  used,  and  for  those  approaching 
i  m°re  closely  to  a  pure  red,  alloys  with  a  large  content  of 


)per. 


^he  many  shades  of  color  found  in  commerce  are,  how- 

not  produced  by  the  employment  of  different  coin- 

..li/N'iro  \fprtorl  into  nil  impal- 


r,  not  produced  by  the  employe.,,  -  “  .  ~’" 

tnds,  but  by  heating  the  alloys  converted  into  an  impal- 
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pable  powder  until  the  desired  shade  is  obtained  In¬ 
formation  of  a  thin  layer  of  oxide  upon  the  surface  of  ^ 
particle.  In  modern  times  bronze  powders  are  brought  jj 
commerce  showing  beautiful  green,  blue,  and  violet  color! 
which  are,  however,  not  obtained  by  the  formation  of  a  layer 
of  oxide,  but  by  coloring  the  metallic  powder  with  aniline 
color.  The  manner  of  preparing  bronze  powders  has  been 
recently  much  improved  by  the  use  of  suitable  machines 
for  the  conversion  of  the  alloys  into  powder. 

In  metal-leaf  factories  the  waste  resulting  in  rolling  out 
and  hammering  is  used  for  the  preparation  of  bronze  powder. 
According  to  the  old  method  the  waste  was  rubbed  with  a  J 
01wy  01  gum  solution  upon  a  stone  until  a  mass  consisting 
ne  powder  combined  to  a  dough  by  the  honey — or  gum— 
"  as  formed.  This  dough  was  thrown  into  water. 
6r  ^le  so^ution  of  the  agglutinant  the  metallic  powder 
]-+il  ,  ’  and  subjected  to  oxidation  by  mixing  it  with  a 

desired  shade  **  “  *  Pan  °Ver  an  °P<!n  “‘“H 

tu;  1  .i  .  00  or  was  obtained.  At  the  present  time 

cms  laborious  or. a  *•  u 

shortened  bv  ti  lme-consuming  method  has  been  mm'  j 

pared  by  mGm  '  ^  °*  suitable  machines,  and  of  alloys  pH 

for  powders  whiL  ^  metals  in  suital)le  ProPortiH 

These  alloys  am  \  °  ^  r6quire  to  be  colored  by  oxidation- 

driven  by  steam  ^  °Ut  hlto  thin  leaves  b>r 
by  forcing  them  thro  6  are  tben  converted  into  P°'V(H 

with  the  assistance  0^^  ^  meshes  of  a  hue  iron-wire  sieve 
is  effected  with  a  simu *  SCratch-brush.  This  rubbing  throng’1! 
running  off  from  the  ano°«*  admission  of  oil,  and  the  *■* 
of  peculiar  construct^  °  *  br0USbt  into  a  grinding  mac*** 
blunt-pointed  needles  revol  &  SteelTlate  covered  with 

8  over  another  steel-plate-  ’ 
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this  machine  the  mass  is  reduced  to  a  very  fine  powder, 
mixed,  however,  with  oil.  The  powder  is  first  brought  into 
water  where  the  greater  portion  of  the  oil  separates  on  the 
surface.  The  metallic  mass  lying  on  the  bottom  of  the  ves¬ 
sel  is  then  subjected  to  a  strong  pressure,  which  removes 
nearly  all  the  oil,  the  small  quantity  remaining  exerting  no 
injurious  influence,  but  being  rather  beneficial,  as  it  causes 
the  powder  to  adhere  with  greater  tenacity  to  the  articles  to 
which  it  is  applied. 

In  the  following  table  we  give  the  compositions  of  the 
alloys  for  some  colors  : — 


Color. 

Parts. 

Copper. 

Parts. 

Zinc. 

Parts. 

Iron. 

Yellow 

82.33 

16.69 

0.16 

Pale  green  .  .  . 

84.32 

15.02 

0.63 

Lemon 

84.50 

15.30 

0.07 

Copper-red . 

99.90 

— 

— 

grange  . 

98.93 

0.73 

— 

£ale  yellow  .  .  . 

90.00 

9.60 

— 

Crimson  . 

98.22 

0.50 

1 

0.56 

I  he  better  qualities  of  English  bronze  powders  consist  of 
c°pper  83  parts,  silver  4.5,  tin  8,  oil  4.o,  and  the  pooiti 
qualities,  of  copper  64.8  parts,  silver  4.3,  tin  6./,  zinc  l-.-h 
and  oil  3. 

1  he  variety  of  bronze  powder  known  undei  the  name 
brocade,”  consists  of  coarser  pieces  prepared  from  the 
°f  metal-leaf  factories  by  comminuting  it  by  means 
limping-mill,  and  separating  the  pieces  of  unequa  ^ 
formed,  first  by  passing  through  a  sieve,  and  finally 
(urrent  of  air.  A  certain  kind  of  brocade,  how  ex  e  > 
n°t  consist  of  a  metallic  alloy,  but  simply  of  mica  ru 
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to  a  fine  powder.  Some  kinds  of  bronze  powder  as 
viously  mentioned,  are  colored  with  aniline  colors  Thill 
effected  by  simply  pouring  a  dilute  solution  of  the  aniW 
color  in  strong  alcohol  over  the  powder  and  intimate  mixing 
Bronze  powders  from  alloys  of  copper  with  5  to  10  pj 
cent,  aluminium  and  0.04  to  0.1  per  cent,  bismuth  are,  ac 
cording  to  Lehmann,  prepared  directly  from  the  block  ofi 
metal  by  a  cutting-machine,  heating  and  boiling  the  powder  i 
again  heating  several  times,  rubbing,  washing,  drying,  sif 
ing,  and  polishing  between  rolls.  As  a  polishing  agent  for] 
bronze  powders  Rosenhaupt  uses  mercurous  nitrate. 

White  Metal. 

The  alloys  known  under  this  name  contain,  besides  a  cer-l 
tain  proportion  of  copper,  a  large  quantity  of  zinc,  and  thusl 
ha\e  the  qualitative  composition  of  brass  without,  however,! 
sbaiing  its  other  properties.  In  consequence  of  the  largflj 
content  of  zinc,  the  color  of  these  alloys  is  not  yellow,  bui 
either  pure  white  (silver-white)  or  a  pale,  but  pleasant  yellow 
1  heir  ductility  decreasing  considerably  with  the  increase  in 
con^ent  °f  zinc,  they  can  only  be  used  for  cast  articled 
v  nch  are  to  be  finished  by  the  lathe  or  file.  Their  conii 
paratively  low  melting  point  is  also  due  to  the  large  content 

ieing  quite  cheaP>  they  are  well  adapted  for  «»* 

inLenr0;vr  weT sma11  “  n0t  exposed  ?  t 

acquire  the  l  •  °U  ier‘  a*r  these  alloys  do  11 

dirty  brown-green^  COl°r  °f  bl’°nZe’  Called  pathia’  ^ 
tin  account  of  thei  ■ 

in  the  manufacture  f\  ^  COl°r  these  alloys  are  mUCh  Z 

with  a  fly-pregs  wiill  and  can  be  partially  *°r 


with  a  fly-press  without  >  ^  ^  be  partially 

strong  a  pressure  ’  10Wever>  subjecting  them 


to 
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Birmingham  platinum.— This  alloy  is  of  a  pure,  nearly 
silver-white  color,  which  remains  constant  in  the  air  for 
some  time.  The  alloy  is,  however,  so  brittle  as  to  be  only 
suitable  for  casting.  Buttons  are  made  of  it  by  casting  it  in 
moulds  giving  sharp  impressions,  the  letter,  escutcheon,  etc., 
upon  the  button  being  subsequently  brought  out  more  by 
careful  pressing.  The  alloy,  which  is  also  known  as  plati¬ 
num-lead,  is  composed  of — 

Parts. 


I.  II.  III. 

Copper .  43  4(5.5  4 

Zinc . 57  53.5  R> 


Other  alloys  for  white  buttons  consist  of — 

Parts. 

I. 

Yellow  brass . ^ 

Zinc . 3 

Tin . 1 


II. 

32 

4 


Sorel’s  alloy.— This  important  and  valuable  alloy  possesses 
properties  rendering  it  especially  suitable  for  main  purposes 
h  is  chiefly  remarkable  for  its  considerable  hardness,  it  being 
ift  this  respect  at  least  equal  to  good  wrought-iron.  It.  toug 
fless  surpasses  that  of  the  best  cast-iron.  In  casting  it 
the  valuable  property  of  being  readily  detached  fion 
mould,  and  it  can  be  mechanically  worked  with  great  ease, 
W  is  too  brittle  to  be  rolled  out  into  sheets  oi  dra 
"'re.  It  is  much  used  for  casting  small  statues,  "hie 
careful  bronzing  are  brought  into  commerce  undu 
of  cast-bronze.  It  may  also  be  employed  in  the  manufactuie 
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of  articles  exposed  to  the  influence  of  the  weather,  as  it 
with  difficulty  and  finally  becomes  coated  with  a  thin,  fir[j 
adhering  layer  of  oxide  which  prevents  further  oxidation] 
The  following  mixtures  have  nearly  the  same  properties! 
though  they  vary  very  much  as  regards  their  composition  J 


Parts. 


Copper . 
Zinc  .  . 
Iron 


I 

1 

98 

1 


II 

10 

80 

10 


he  iion  is  used  in  the  shape  of  cast-iron  shavings,  whiclj 
lied  to  the  zinc.  The  copper  is  then  added  and  the  all 
}  I  for  some  time  fluid  under  a  cover  of  glowing  coals,  id 
oi  tr  to  insure  an  intimate  combination  of  the  metals  without] 
a  com  ustion  of  the  zinc.  The  alloy  being  difficult  to  prJ 
pare  in  e  above  manner  on  account  of  the  combustibility 

directly  to  mktlT"1??*1  in  PreParing  large  quantities  nJ 
sition  Th\  •  me  ^  ^)Ut  to  use  ^rass  of  known  compel 

-S,  undCTa — I 

; —  Zlnc  *s  then  added,  and  filial!}  th® 


iron. 


Bath-metal. — This  all0 

the  manufacture  of  candl'  ^  especiall5T  in  England,  & 
much  liked  on  account tea'P°ts,  buttons,  etc.,  and’ 
almost  white  color,  it  °f  ltS  beautiful  yellowish-white  t 

articles  manufactured  from  ^  *  b*^b  degree  of  polish,  ani 
lasting  silver  lustre  by  sjm  i  ac<Bdre  in  the  course  of  time  1 
Bath-metal  is  composed  0f  ?  Y  1UbbinS  them  with  a  soft  cloth 
Brass  32  parts  and  zinc  9  ^ 

CoI>per  55  parts  an<i  zinc  45. 
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Guettier’s  button  metals 


1.  Brass  372  (copper  297,  zinc  93)  zinc  62,  tin  31. 

2.  “  372  (  “  297,  “  93)  “  47,  “  47. 

3.  “  372  (  “  297,  “  98)  “  140,  — 

These  alloys  possess  a  silver  color,  No.  1  being  the  finest 

quality,  No.  2,  medium,  and  No.  3  inferior. 

Ordinary  English  white  metal. — Brass  (copper  360,  zinc  120) 
480  parts,  zinc  45,  tin  15. 

The  preceding  alloys  are  those  which,  strictly  speaking,  be¬ 
long  to  the  brasses,  the  composition  of  the  mixtures  as  regards 
their  principal  constituents — copper  and  zinc — varying  only 
within  certain  limits,  and  the  addition  of  tin,  lead,  and  iron 
being  only  made  in  order  to  change  the  properties  of  the  al¬ 
loys  for  certain  purposes.  Besides  these  alloys  there  are, 
however,  some  which  find  special  application,  and  for  that 
reason  will  be  discussed  separately  ;  the  alloys  known  as 
"bite  metal,  etc.,  and  the  metallic  mixtures  known  as  bronze- 
powders,  belonging  to  this  group. 


hr  the  following  table,  originally  collated  for  the  (  0111 ' 
mittee  on  Alloys  of  the  U.  S.  Board,*  the  properties  of  the 
l|b’\s  of  copper  and  zinc  as  described  by  the  best  authorities 
exhibited  in  a  concise  manner  : — 


*  Report,  Vol.  II.,  1881. 
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Pi  of.  R obert  H.  Thurston,  who  conducted  the  investigal 
tions  of  the  United  States  Board,  makes  the  following  note  oni 
the  preceding  table : _ 


-lloys  having  the  name  of  Holley  appended  are  ta 
o  n  Bollcj  s  Essais  et  Recherches  Chimiques,’  which  g 
1  sitions  and  commercial  names,  and  mentions  valui 

properties,  such  as  are  given  in  the  columns  of  remarks, 

tit>r  nm}glVe  FeSUlts  in  figures  as  recorded  by  other  auth 
i  t,  t,  1U<  ProPerties  and  the  same  name  are  accor 
which  i  "  +i  a^°"VS  fi^fierent  compositions,  such  as  tl 

of  «, 

to  those  mixture*  and  T1****1  th“‘  SUch  r1'°I,ertieS  bel°" 
sition.  It  epp,  n0t  t0  otfier  mixtures  of  similar  con 

different  mixtures ^obable>  however,  that  when  two  alloys 
same  strength  color  f  °^>C1  an<^  z*nc  are  found  to  have 
found  that  all  allov  •  ^&C^Ure’  aQfi  malleability,  it  will  als< 
the  same  properties  a  ^'Veeu  ^hese  compositions  will  I»°5 
alloys  mentioned  cLT  h<3nce  that  instead  of  the  partic* 
only  suitable  for  forging,  ail  the  dV 
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tween  the  extreme  compositions  mentioned  also  possess  that 

\<jn  the  figures  given  from  Mallet  under  the  heads  of 
‘order  of  ductility,’  ‘order  of  malleability,’  ‘hardness,  and 
‘order  of  fusibility,’  the  maximum  of  each  of  these  properties 
is  represented  by  1 . 

“The  figures  given  by  Mallet  for  tenacity  are  confirmed  b} 
experiments  of  the  author  with  a  few  very  marked  ext  options. 
These  exceptions  are  chiefly  the  figures  for  coppei,  toi  zinc, 
and  for  CuZn2  (32.85  copper,  67.15  zinc).  1  he  figures  for 
CuZn2,  as  given  by  Mallet,  can,  in  the  opinion  of  the  author, 
only  be  explained  on  the  supposition  that  the  alloy  tested  va 
not  CuZn2  (32.85  copper,  07.15  zinc),  but  another  containing 
a  percentage  of  copper  probably  as  high  as  55.  The  figuu 
for  the  specific  gravity  (8.283)  given  by  Mallet  indicates  this 
fo  be  the  case  as  does  the  color.  The  figure  h>i  ductili 
"ould  indicate  even  a  higher  percentage  of  coppei. 
narae  ‘watchmaker’s  brass’  in  the  column  of  remarks  must 
an  error,  as  that  alloy  is  a  brittle,  silver-white,  and  ex- 
reniely  weak  metal. 

‘  The  figures  of  Calvert  and  Johnson  and  Riche,  as 
bose  of  the  author,  give  a  more  regular  cuiee  than 
instructed  from  the  figures  of  Mallet. 

“The  specific  gravities  in  Riche’s  experiments  were  o  >- 
ained  both  from  the  ingot  and  from  powder.  In  some  cast 
aild  in  some  cases  the  other,  gave  highest  ‘ 
he  table  under  the  head  of  ‘  specific  gravity,’  Rlche  ^ 

|'erage  figures  are  given,  whether  these  are  fion  rp|ie 

1 0rri  hne  powder,  as  probably  the  most  nearlj  ^ie 

^res  by  the  other  method,  in  each  case,  are and 
;°iumn  of  remarks.  The  figures  of  Riche  an 


be 
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Johnson  are  scarcely  sufficient  in  number  to  show  definite! 

the  law  regulating  specific  gravity  to  composition,  and  J 

curves  from  their  figures  vaiy  considerably.  The  figure  ] 

the  author  being  much  more  numerous  than  those  of  earlier  1 

perim enters,  a  much  more  regular  curve  is  obtained,  especialljL 

in  that  part  of  the  series  which  includes  the  yellow  oruseftill 

metals.  The  iregularity  in  that  part  of  the  curve  which in-J 

eludes  the  bluish-gray  metals  is,  no  doubt,  due  to  blow-holesj 

as  the  specific  gravities  were  in  all  cases  determined  from! 

pieces  of  considerable  size.  If  thev  were  determined  froml 

pov  der,  it  is  probable  that  a  more  regular  set  of  observation* 

could  be  obtained,  and  that  these  would  show  a  higher  figuNj 

than  7.143,  that  obtained  for  cast-zinc.  Matthiessen’s  figure! 

for  pure  zinc  (/.148)  agrees  very  closely  with  that  obtained bjl 

the  author  for  the  cast-zinc,  which  contained  about  1  per  cent] 
of  lead. 

he  figures  for  hardness  given  by  Calvert  and  JohnsiJ 
were  obtained  by  means  of  an  indenting  tool.  The 
1000  rp,SCa^6  *n  which  the  figure  for  cast-iron  is  taken  j 
were  m  n  a^°^s’  °PP°site  which  the  word  “  broke  ’  appeari 
broke  tfiJ  kar^er  than  cast-iron,  and  the  indenting  ‘"j 
of  allovs  contStead  °f  makin§  an  indentation.  The  figu'j 

*  ^  »■« ,  25.52, h 

only  from  427  08  t  -  G  sanie  figures  for  hardness,  'lU>  j 
been  stated  in  regard  This  corresponds  with  vhnt  C 

other  properties  of  ap^°  hilarity  in  strength,  color.  a 

y  between  these  compositions. 


CHAPTER  VII. 


COPPER-TIN  ALLOYS. 


Bronze  in  General. 


The  alloys  produced  by  the  union  of  copper  and  tin  ait 
termed  “bronze”  in  the  actual  sense  of  the  word,  it  the 
copper  is  present  in  predominating  quantity,  while  those 
which  the  content  of  tin  predominates  are  called  whit*, 
metal.”  In  order  to  modify  the  properties  ot  the  allov 
certain  sense,  both  bronze  and  white  metal  aie  sometimes 
compounded  with  small  quantities  of  other  metals. 

hi  this  section  of  our  work  we  have  to  deal  with 
in  the  strict  sense  of  the  word.  It  has  been  pre\  ioubh  1  _ 

tioned  that  the  term  bronze  is  frequently  erroneously  app 
to  mixtures  of  metals  belonging  really  to  the  biasses, 
there  is  actually  such  a  confusion  of  terms  that  many  w 
interest  it  is  to  have  an  accurate  knowledge  of 


now  what  bronze  actually  is.  . 

rP.  ...  ...  ,  Kronze  in  all  cases  is  copper, 

1  he  principal  constituent  of  bionz  properties. 

1C  addition  of  tin  only  serving  to  modi  5 

in.  though  a  very  soft  metal  by  itself,  possesses  the  cha 

'Hstic  property  of  Imparting  great  —  ^  of  it 

lot  genuine  bronze  takes  a  hue  P  ^  ^  of  these 

bc  worked  vory  clean  Wlth  *  .  .  '  „stinK  material,  and 

ualities  it  is  especially  adaptei  01  -  flow  freely,  or 

k  properties  can  be  so  change  ia 
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give  a  beautiful  sound,  or  acquire  the  utmost  degree  of  i 
hardness. 

The  ductility  of  bronze  being  but  slight,  only  that  eon 
tabling  very  little  tin  can  be  converted  into  sheet  by  rolling 
the  operation  succeeding  satisfactorily  at  a  red  heat  if  the 
content  of  tin  does  not  exceed  4  to  6  per  cent.  Bronze,  as 
previously  mentioned,  being  chiefly  intended  for  casting, 
finds,  on  account  of  its  hardness,  much  application  in  the 

machine  industry  for  articles  which  cannot  be  made  of  iron 
or  steel. 


Bronzes  consisting  ol  absolutely  pure  copper  and  tin  show 
definite  properties  according  to  the  quantity  of  the  metals 
contained  in  them.  However,  in  making  a  chemical  analy¬ 
sis  of  commercial  bronze,  it  will  almost  invariably  be  found 
to  contain  a  small  quantity  of  other  metals.  A  sharp  dis¬ 
tinction  should,  however,  be  made  as  to  whether  these  ad¬ 
mixtures  are  accidental  or  intentional.  Besides  iron,  man¬ 
ganese,  nickel,  lead,  and  zinc,  very  small  quantities  ol 
1  I  lorus,  aisenic,  sulphur,  or  antimony  are  sometime 
ound  and  a  small  quantity  of  these  bodies  sufficing  to 
onsiceiabh  change  the  properties  of  the  alloy,  it  is  m 
t  .  °  some  attention  to  their  influence.  Befo« 

be  remark 1  <l  dlSCUssion  of  these  properties,  it  may,  however 

obtaining  — S  ^ 

that  thev  do  not  e  ermined  qualities  is  due  to  the  J 
but  melt  down  win  metals  as  possible  by  themself 

which,  as  a  rule  1  em  certain  quantities  of  old  bronze 
A  content  of  zinc  Z*UC’  *ron>  or  other  foreign  metal'- 
ious  ways.  Added  tc  ^  U^°n  Properties  of  bronze  in  ',ir 
a  beneficial  influ*  1  &  Ver>’  sma11  quantity  it  has 

°  1Uoulds  being  filled  out  sharper  a» 
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the  castings  obtained  freer  from  blow-holes.  If,  however,  the 
addition  of  zinc  be  exceeded  above  a  certain  limit,  the  alloy 
loses  the  characteristic  properties  of  bronze,  and  especially  the 
warm  color,  which  passes  into  a  more  or  less  dull  brass 
yellow.  Besides,  bronze  with  too  large  a  content  of  zinc  does 
not  acquire  on  exposure  to  the  air  the  beautiful  green  colora¬ 
tion  termed  genuine  patina,  but  one  shading  into  black.  1  he 
addition  of  zinc  must  always  be  kept  within  very  narrow 
limits,  less  than  one-lialf  per  cent,  of  it  contributing  so  essen¬ 
tially  to  the  strength  of  the  bronze  that  such  an  addition 
should  be  made  in  all  cases  where  this  property  is  especially 
desired.  With  an  addition  of  up  to  2  per  cent,  of  zinc  the 
properties  of  the  alloy  remain  about  the  same,  its  elasticity 
being  also  increased  to  a  considerable  extent.  ^  ith  a  slight 
increase  of  over  2  per  cent,  of  zinc,  the  hardness  as  well  as  tin 
tenacity  of  the  bronze  decreases  to  a  considerable  extent,  and 
the  brass-like  character  of  the  alloy  soon  becomes  apparent. 

An  admixture  of  lead  has  in  all  cases  an  injuiious  effect 
upon  the  properties  of  bronze.  With  a  content  of  one 
Per  cent,  the  lead  begins  to  liquate  from  the  bronze,  vh' 
uiakes  the  castings  turn  out  unequal  and  increases  tin 
bility  of  the  alloy.  A  content  of  lead  makes  the  bronze 
"hat  denser  and  more  malleable,  these  properties  being,  how- 
ever,  of  little  value  as  the  alloy  is  exclusively  intend  <■< 
casting.  The  peculiar  patina  of  a  velvety-black  color  <.un< 
upon  old  Chinese  bronzes  is  said  to  be  the  pioduct 
tent  of  lead  ;  and  it  is  actually  a  fact  that  all  (hrmso  non/cs 

contain  a  certain  quantity  of  lead.  t 

hon  affects  the  properties  of  bronze  m  a  sum  ai 
*nc,  imparting  great  hardness  to  it,  and  for  this  reason^  n 
frequently  added  to  bronzes  for  axle-bearings  an 
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they  are  to  show  great  power  of  resistance.  A  content  r 
has  also  considerable  influence  upon  the  color  and  J 
cuhar  white  tone  to  the  bronze.  It  further  makes  j,  J 
difficult  of  fusion,  though  the  castings  are  faultless. 

An  admixture  of  nickel  increases  the  hardness  of  bronze  J 
a  considerable  extent  and  decreases  its  toughness.  On  J 
count  of  its  costliness  many  declared  the  use  of  this  metal  J 
an  addition  to  bronze  impracticable.  It  must,  however,  j 
6  f°rg0tten  tllat  at  the  utmost  only  1  to  H  per  cent,  of  it  a  J 
^  ^  ^re<^  *mPart  the  desired  qualities.  Moreover  it  is  not! 
t v  ^  means  the  most  expensive  metal  used  as  an  additions 

^  ze,  tungsten  and  titanium  being  also  frequently  emJ 
?  ^  °r  ^be  Purpose.  These  last-mentioned  metals  seem,! 
.  ’  °  Possess  no  special  properties  exerting  a  favorablJ 

Pon  hronze,  and,  though  the  alloys  have  been  fre  j 
>  mentionecl  and  recommended  in  various  periodical^ 
ascribed  t^o  a  foothold  in  practice,  which  cannot  b| 

alloys  completely  .^f111688’  because  manufacturers  requinngj 

in«  to  pay  a  g(wd  pri"e"o“8thTtain  PUrP<>SeS’  "'"'a'VS  I 

An  admixture  of  ^ 

moriy,  and  sulphur  .  7  Sm&11  quantities  of  arsenic,  an  | 

either  of  these  bodies ***  bl’°nZe  brittle’  tV  l'er  cent'  °jj 
exerting,  as  is  well  know  *'°r  tbe  PurPose-  Ph°sPll0rl1  j 
metals  and  alloys,  actTr  ’  ***  injUrious  influence  upon  i^j 
bronze,  and,  for  ihig  ^  lfferently  in  this  respect  as  regarij 
"  ill  be  discussed  later  on  °U>  *be  so'called  phosplK>r-broilZfl| 
The  physical  properties  of  i  j 

fected  by  other  conditions  °UZe  ar°  also  materially  “‘l 
chief  among  which  is  the  .  ^  the  chemical  composih°nj 
fused  material,  which  exerts  °r  slow  cooling  off  of  tl,e 

°  P°'Verful  an  influence  that  the| 
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roduct  with  all  equal  chemical  composition  may  acquire  an 
entirely  different  appearance.  According  to  the  content  of 
tin  the  color  of  bronze  varies  between  red  and  white,  and 
with  a  considerable  content  of  tin  passes  into  steel-gray. 
Generally  speaking,  tin  exerts  a  greater  influence  upon  the 
color  than  zinc,  the  alloy  with  a  comparatively  small  content 


of  tin  exhibiting  no  longer  a  red  but  a  white  color. 

Alloys  containing  90  to  99  per  cent,  of  copper  retain  a 
pure  red  color;  with  88  per  cent,  of  copper  it  rapidly 
changes  to  orange-yellow,  and  with  85  per  cent,  becomes 
pure  yellow.  With  a  decrease  of  the  content  of  copper  to 
50  per  cent,  the  respective  alloys  show  a  slightly  yellowish 
white  color.  It  is  a  remarkable  fact  that  alloy  s  v  ith 
content  of  copper  of  between  50  and  35  per  cent.,  are 
tinguished  by  a  pure  white  color,  while  those  containing  uj 
to  65  per  cent,  of  tin  show  a  steel-gray  coloi.  "W  ith 
greater  percentage  of  tin  the  color  of  the  alloy  s  a&ai 
comes  pure  white.  Bronze  of  various  compositions  he'  g 
extensively  used  in  the  construction  of  macliineiy 
manufacture  of  ordnance,  many  physicists  Inn  e  1 
themselves  with  the  determination  of  the  proportions^ 
ductility  and  hardness  of  the  various  allov  •  B  , 
standing  the  many  full  researches,  it  cannot  yet  e  sa 
absolute  certainty  when  a  bronze  is  hardest,  *****  »£ 

ductile,  etc,  and  we  have  only  approximate  numbers 

these  proportions,  which  we  briefly  same 

Alloys  with  1  to  2  per  cent,  o  ^  jn  ,he  coU 

ductility  as  pure  copper ;  they  than  pure  copper, 

under  the  hammer,  but  crack  mo  ^  -  Attempting  to 

this  cracking  showing  itself  espeein  y  m  ‘ 
stretch  a  plate  of  the  alloy  under  the  hammer. 
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tility  decreases  rapidly  with  an  increase  in  the  content 
tin ;  an  alloy  containing  5  per  cent,  of  tin  can  only  \. 
worked  with  the  hammer  at  a  red  heat,  but  soon  cracks  I 
when  it  is  attempted  to  hammer  it  in  the  cold;  alloys  con.  ' 
taming  up  to  15  per  cent,  of  tin  can  no  longer  be  hammered 
even  in  a  warm  state.  The  figures  above  given  show  that  j 
tin  reduces  the  ductility  of  the  copper.  Its  solidity  is,  how¬ 
ever,  considerably  increased.  Alloys  with  about  9  percent, 
of  tin  show,  according  to  most  statements,  the  greatest  I 
strength  of  all  bronzes,  and  in  accordance  with  this,  gun- 
metal  has  generally  a  content  of  tin  approaching  that  limit.  I 
According  to  other  statements  alloys  with  about  15  per  cent.  | 
possess  the  greatest  hardness  and  strength.  The  maximum  1 
or  hardness  and  brittleness  lies  between  a  content  of  28  and  I 
per  cent,  of  tin. 


may 


>  as 


om  the  results  of  more  modern  researches  in  r 
ded  and  hardness  of  bronzes,  the  following  — 

positi  ^  ^ardness  inci’eases  constantly  until  the  1 
27  9  e  °**  ^le  a^°y  ^as  reached  72.8  parts  of  coppe' 

Of  tin.  WUL  •  1  e  +in 

harrlm  j  ^  th  an  increase  in  the  content  of  t*1 

-  * — - «•  i 

of  pure  e  lr  s  tin,  nearly  exactlv  the  sanu 

decreases  eo,«id  Ab°V6  this  Proportion  of  tin  the  hi 
tin  and  10  of  co  j  w*th  a  compound  of  90  l1. 

Alloys  rich  in  |.0  ^  little  more  than  that  of  t*n- 
forging,  Py  s  Under£°  a  peculiar  molecular  ( 
than  04  per  cent,  of  ^  alloys  containing  someth' 

as  liar(1  as  steel,  but  to  continued  forging  they  h 

SUCh  a  deSr<*  of  britn  °rtllnately  acquire  at  the  saim 

,,Ur»OS-  -'.ore  t^ZQTS  U“at  ,hey  «»*  b°  US 

“  not  exposed  to  heavy  shocks. 
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Though  the  hardening  of  bronzes  by  forging  is  remarkable, 
there  is  another  phenomenon  yielding  still  more  remarkable 
,  ,uit .  By  quickly  cooling  off  red-hot  bronze  in  cold  water 
it  almost  completely  loses  its  brittleness,  and  can  then  be  used 
for  many  purposes,  an  alloy  containing  84  parts  of  copper  and 
16  of  tin  being  most  suitable  for  the  purpose.  Even  a  quite 
thick  article  acquires  a  certain  flexibility  through  its  entire 
thickness,  which  it  retains  after  forging.  If  it  is  desired  to 
restore  an  article  after  tempering  to  its  original  hardness,  it 
need  only  be  brought  to  a  red  heat  and  slowly  cooled.  Ac  ¬ 
cording  to  the  above  the  behavior  of  bronze  in  this  respect  is 
just  the  reverse  of  steel,  the  latter  by  quick  cooling  becoming 
very  hard  and  brittle,  and  by  slow  cooling  soft  and  malleable. 
The  density  and  hardness  of  bronze  decrease  with  quick  cool 
ing  and  increase  with  slow  cooling,  and,  hence,  bronze  aiticlcs 
quickly  cooled  have  a  deeper  sound,  a  fact  well  to  be  con 
sidered  by  bell-founders. 

The  density  and  hardness,  as  well  as  the  powu  of  leJ.  t 
ance  against  cracking,  depend  on  the  composition  of  tlu 
as  much  as  on  the  manner  of  cooling  the  cast  ai tides. 

According  to  practical  experience  the  greeted  strength 
secured  by  endeavoring  to  obtain  the  crystals,  of  the 
small  as  possible,  even  the  material  ot  the  mould 
the  casting  is  effected  exerting  a  great  influence  upon  u 
grain,  and  through  this  .upon  the  strength.  Articles  * 

Cast  at  a  higher  temperature  in  iron  moulds  tliai 
Moulds,  one  of  2912°  F.  (1600°  C.)  being  require*  w *• 

Uso  of  iron  moulds,  while  one  of  2552°  F.  (140  •)  h 

With  the  use  of  sand  moulds,  especially  for  larger 

Alloys  suddenly  subjected  to  a  hlgh  ^wh’degrle  of  den- 
with  gun-metal,  must  have  an  especia  }  k 


206 


THE  METALLIC  ALLOYS. 


sity,  the  density  being,  however,  not  directly  proportional  to 
the  composition,  as  will  be  seen  from  the  following  table  — 


Composition. 

Density. 

Copper. 

Till. 

96.2 

3.8 

1  8.74 

94.4 

5.6 

8.71 

92.6 

7.4 

8.68 

91.0 

9.0 

8.66 

89.3 

10.7 

8.63 

87.7 

12.3 

8.61 

86.2 

13.8 

8.60 

75.0 

25.0 

8.43 

50.0 

50.0 

8.05 

Bronze  being  exclusively  used  for  casting,  it  is  important 
to  say  a  few  words  in  regard  to  the  temperatures  at  which  the 
■\  arious  alloys  become  fluid.  According  to  Kiinzel,  to  whose 
researches  we  are  indebted  for  much  information  regarding 
the  properties  of  bronze,  the  various  alloys  show  the  follow 
ing  melting  points  :■ _ 


Composition. 


Copper. 


95 

92 

90 

89 

86 

84 

80 


Tin. 


5 

8 

10 

11 

14 

16 

20 


Melting  point, 
degrees  F. 


2520 

2354 

2282 

2228 

2100 

2012 

1868 


Melting  P«lDt' 
degrees  t. 


1360 

1290 

1250 

1220 

1150 

1100 

1020 


Articles  cast  of  hro 

case  with  other  6  C°ntract  in  solidif; 

depending  on  the  t  nietals,  the  degree 

temperature  of  the  ^  al 
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tion, 


and  amounts  to  Th>  to  TV  of  the  bulk  of  the  various 


mixtures. 


The  difficulty  of  obtaining  perfect  castings  is,  however, 
more  increased  by  the  chemical  behavior  of  the  alloys 
towards  the  oxygen  of  the  atmosphere  than  by  contraction. 
In  subjecting  the  bronze  to  fusion,  the  tin  shows  greater 
affinity  for  oxygen  than  the  copper,  and  hence  by  remelting 
the  bronze  several  times,  it  becomes  sensibly  richer  in  copper 
by  a  portion  of  the  tin  being  lost  by  oxidation.  1  o  prevent 
a  change  in  the  qualities  of  the  alloy,  a  larger  quantity  ot 
tin  than  the  finished  product  is  to  contain  is  generally  added, 
the  volatilization  of  tin  being  equal  to  the  excess  added,  so 
that  the  alloy  obtained  shows  exactly  the  desired  composition. 

Another  effect  of  the  oxygen  of  the  atmosphere  consists  in 
the  oxides  of  the  constituent  metals  of  the  bronze— stannic 
°fide  and  cuprous  oxide — dissolving  in  the  alloy,  whereby 
*t,s  strength  and  toughness  are  considerably  decreased, 
the  manufacture  of  ordnance  a  portion  of  the  metal  icqui 
ls  generally  obtained  by  melting  down  old  cannon.  The 
fixture  of  metals  thus  obtained  containing  frequently  h' 
quantities  of  the  metallic  oxides  in  solution,  the  tougl 
tlll(l  strength  of  the  new  alloys  are  considerably  impaiie 
The  melted  bronze  shows  another  property  frequent  y  o 
in  other  metals,  especially  in  gold  and  silver.  !t  can 
<lh"orb  a  considerable  quantity  of  oxygen,  but  < 

<S(ape  m  a  gaseous  state  on  cooling.  If  ''V*’ T  foe  bronze 
,n°St  cases>  the  castings  are  rapidly  co°  e  °  ’  n  cannot 
eC°mes  80  thickly  fluid  that  the,  absor  e  ^ 

’  Cal)e>  and  the  resulting  castings  are  u  injure 

lQagh  microscopically  small,  hollow  spaces, 
density  and  strength  of  the  alloy . 
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The  absorption  of  oxygen,  as  will  be  seen  from  the  abov 
being  very  injurious  to  the  qualities  of  the  bronze,  i>recau 
tions  have  to  be  taken  to  protect  the  metal  from  the  effect  of 
oxygen  in  fusing  as  well  as  in  casting.  The  best  preventa- ; 
tive  against  the  absorption  of  oxygen  is  to  protect  the  alloy 
by  a  layer  of  glowing  charcoal,  and  to  effect  a  reduction  of 
any  oxides  formed  by  vigorous  stirring  of  the  fused  alloy ! 
with  a  stick  of  green  wood.  Though  oxidation  is  counter¬ 
acted  by  these  means,  it  is  not  possible  to  remove  by  them 
the  oxygen  reaching  the  alloy  from  oxygenous  material. 

I  hosphorus  has,  however,  been  found  an  excellent  agent  for 
the  deoxidation  of  the  oxides  dissolved  in  the  metal,  but  it 
has  to  be  added  very  carefully,  since  a  small  quantity  of  it 
in  excess  exerts  great  influence  upon  the  properties  of  the 
alloy  itself.  In  most  cases  an  addition  of  yArr  to  rm  suffices 
"r  re(^ucti°n  of  the  oxides  in  solution. 

I  he  tin  oxidizing  more  readily,  it  is,  as  a  rule,  advisable  to  i 
e  copper  first  and  then  quickly  introduce  the  tin, I 
whereby  the  heat  should  be  increased  so  as  to  keep  the  alloy 

Iraf  the  Union  of  the  two  metals  being  accel- 

time  1  •  e  means.  1  he  melted  mass  should  at  the  samel 

acceleratlf  "  ^  W°°den  ^  WhiCh  ^ 

the  tin.  Even  witl  tf  ^  &ls°  interacts  the  oxidation 
cautions,  the  loss  L  /  ***  °f  a11  the  above-mentioned  P*j 
several  per  cent.  f  Using  and  casting  always  amounts  ■ 
where  the  loss  is  only  &  of  ^10  metals  used.  ^°r 

ceUent,  as  in  many  cas^'t !°  tW°  P°r  Cent  raa>r  be  called  ^ 
The  loss  of  metal  as  w  <UU0Unts  to  ten  per  cent, 
are  also  considerably  affect  **  the  qualities  of  the  casting5 
ing  furnace.  The  m\0^  t!  by  the  construction  of  the  i»e,t' 
picker  the  furnace  can  bo  heated  to  ^ 
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temperature  required  for  reducing  the  alloy  to  a  fluid  state 
the  better  it  is  for  the  purpose,  for  even  with  perfect  protec¬ 
tion  against  the  action  of  oxygen,  changes  injurious  to  the 
homogeneity  of  the  castings  take  place  with  long-continued 
fusion.  If  a  bronze  be  intentionally  kept  in  a  fluid  state  for 
a  long  time,  a  white  alloy  very  rich  in  tin  is  formed  in  it 
which  is  clearly  perceptible  in  the  castings.  The  alloy  is  no 
longer  homogeneous,  but  actually  consists  of  a  mixture  of 
several  alloys  differing  very  much  in  density,  power  of  resist¬ 
ance,  and  strength,  which  seriously"  impairs  the  properties  of 
the  entire  mixture.  This  separation  or  liquation  of  the  alloy 
into  two  or  more  compounds  occurs  especially  in  mixtures 
most  frequently  used,  i.  e.,  such  as  contain  between  5  and  20  pei 
cent,  of  tin  ;  from  alloys  containing  a  lower  or  higher  percent¬ 
age  of  tin,  homogeneous  castings  are  more  readily"  obtained. 

Since  the  liquation  of  an  alloy"  rich  in  tin  is  promoted  by 
slow  cooling,  the  melted  mass,  which  has  a  temperature  of 
about  2552°  F.  must  be  cooled  down  as  quickly  as  possible  to 
,02°  F.,  at  which,  according  to  experience,  the  alloy  richest 
i  in  tin  solidifies.  This  is,  however,  connected  with  many 
Acuities,  especially"  in  casting  large  pieces,  such  as  cam  o 

ami  bells,  for  which  perfect  homogeneousness  of  the 

an  absolute  necessity". 

The  behavior  of  the  solidified  alloys  towards  the  atmos¬ 
phere  varies  according  to  their  chemical  compc  > 

%  oxidize,  on  exposure  to  the  air,  in  a  shortei  o  ^  ^ 

time,  acquiring  thereby  a  color  ranging  h°m  a 

to  buck  This  layer  of  oxide  which,  confutes  much 
*  the  aesthetic  effect  produced  by  an  article  of  bronze ^an 
1Cn porta  ut  factor,  especially  to  those  occupied  w . 
statues,  etc.,  and  will  be  referred  to  later  on. 

14 
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Melting  and  Casting  of  Bronze. 


The  quantity  of  bronze  to  be  prepared  at  one  time  vari.s  I 
according  to  the  article  to  be  cast,  and  may  amount  to  a  few  I 
ounces  or  hundreds  or  thousands  of  pounds.  Though  the  I 
mode  of  preparing  the  bronze  is  the  same  in  all  cases,  in  the  I 
practice  certain  difficulties  occur  in  casting  small  articles  as  I 
well  as  large  ones,  which  deserve  attention. 

For  casting  small  articles  a  finished  alloy  of  the  desired  I 
proportions  ot  metals  is  generally  used,  it  being  very  difficult  I 
to  hit  the  exact  composition  required  in  preparing  small  I 
quantities  of  bronze.  The  fusion,  in  this  case,  is  always  ef-l 


fected  in  crucibles,  special  care  being  required  to  prevent : 
much  as  possible  oxidation  of  the  tin.  The  crucibles  are  plac< 
in  a  wind-furnace  and  the  surface  of  the  bronze  is  kept  car 
fully  co'iered  with  pulverized  coal,  anthracite  being  best  h 
the  purpose  on  account  of  its  great  density'. 

Attention  has  already7  been  drawn  to  the  fact  that  the  ten 
perature  ot  the  fused  metal  exerts  a  considerable  indue'1' 
upon  the  quality  of  the  casting.  Experience  has  shown  tb 
1  articles  the  bronze  must  not  be  heated  too  strong! 

'  SC  ^ie  resulting  casting  is  blown,  and  one  blow  -h* 

2T  t0  SP011  U  entirely-  Articles  to  be  subjected  toh"1 
hot  in  fetching  after  casting  must  also  not  be  cast" 

acquiring  a  too  coa-1 

ially  ifnoTunff  C°0l.°ff  rapid1^  but  the  effect  of  this,  esff 
ably  harder  i  ^  18  to  “ake  portions  of  the  mass  cons'  e 
mechanical  maninT  .Part'S  tban  in  others,  which  rclll,t 
to  thoroughly  l,  ,PtU  a,tl0n  difficult-  It  is  therefore  advfe*’ 
them  with  a  bad  o  ^  m°uhls  before  use,  and  to  sur'(’1" 
mu  uctor,  for  instance  ashes,  and  alsoc°v 
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them  with  a  layer  of  the  same  material  after  finishing  the 
casting.  Moulds  of  cast-iron  or  brass  are  generally  used  for 
small  castings,  which,  in  order  to  protect  them,  are  coated 
with  a  mass  consisting  of  lamp-black  and  oil  of  turpentine1.. 

Flic  preparation  of  large  quantities  of  bronze  as  required 
for  casting  bells,  cannon,  or  statues,  is  effected  in  reverbera- 


FlGS.  7  AND  8. 


kutiact 


iaces  capable  of  holding  up  to  10,000  pounds  of  bronze 

0te-  The  copper  is  first  melted,  and,  when  Hun  ,  an;  o 

Zft  +  1  ,  wnon  all  is  converted  into  a 

Ze  *0  be  used  is  added.  When  an 

w  i  r  ViAated  as  much  as  possible, 

,rm  mass  the  tin  previously  beaten  1 

,  ’  0111,1  immediately  before  the  in¬ 

duced  in  small  portions. 
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traduction  of  the  tin,  the  fire  must  be  increased  in  order  to 
'compensate  for  the  consequent  reduction  of  the  temperature 
and  to  keep  the  metal  in  a  thinly-fluid  state.  Figs.  7  and  8 
show  the  arrangement  of  a  reverberatory  furnace  especially 
adapted  for  melting  not  too  large  a  quantity  of  bronze.  F  is 


Figs.  9  and  10. 


the  fiie-box,  and  G  the  ash-pit.  The  metals  to  be  mel 
/;:<U,T  the  trough-shaped  hearth  H,  while  the  a] 
samples.  ^  ^  mtroduction  of  the  charge  and  f°r 
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The  finished  bronze  is  run  off  through  the  aperture  D. 
For  large  articles  loam  moulds  are  almost  exclusively  used, 
sand  moulds  being  but  seldom  employed.  While,  as  pre¬ 
viously  stated,  it  is  advisable  in  casting  small  articles  not  to 
have  the  bronze  too  hot,  for  casting  large  works  it  should  be 
very  hot  in  order  to  render  the  production  of  uniform  cast¬ 
ings  possible  by  keeping  the  mass  in  a  fluid  state  for  some 
time,  and  thus  giving  the  gases  evolved  as  well  as  the  oxides; 
a  chance  to  rise  to  the  surface. 

Figs.  9  and  10  show  the  construction  of  a  furnace  espee 
ially  adapted  for  melting  a  large  quantity  ot  bronze,  which  is 
lo  he  as  uniform  as  possible.  The  furnace,  shown  in  1  ig-  d 
in  section,  and  in  Fig.  10  in  ground-plan,  has  a  capacity  <>t 
flout  16,200  pounds  of  bronze.  Its  total  length  is  tcct, 
and  it  is  heated  with  wood.  F  is  the  fire-box,  and  A  the  asl> 
pit) while  the  metals  are  melted  in  the  space  B,  between  i 
'"d  0.  I{  is  the  stoking-channel,  which  can  be  closed  by 
die  S.  The  aperture  O  serves  for  the  introduction 
large  pieces  of  metal,  and  the  openings  on  the  side  tor  adding 
Waller  pieces.  G  is  the  tap-hole  closed  during  melting  ) 


1  clav. 

'  t*11  hn  Gs00Il 

base  of  the  hearth  in  these  furnaces  is>  a-  , 

he  illustrations,  trapeziform,  though  there  cin 

1  i  pvcii  circuit!1? 

lctions  in  which  it  is  elliptical  oi  o\  a  resting: 

ter  form  being  frequently  used  for  of 

y  bronze.  Fig,  11  «<»»  ^  and  D  the 

furnace,  S  being  the  heaitl ,  -  ^  rp^©  aperture 

y-pit  in  which  the  mould  is  P  and  that 

h'  serves  for  the  introduction  a  plug  of 

D,  which  is  closed  during  the  melt.ng 
'or  running  off  the  fused  metal- 
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In  a  furnace  of  this  kind  up  to  20,500  pounds  of  bronze  can 
be  melted  for  one  casting.  It  is  possible  to  construct  furnaces 
of  larger  dimensions,  but,  on  account  of  more  uniform  heat.  I 

Figs.  11  and  12. 


ia  ^commended  + 

amne«d  on  the  circul  US°  this  cils°  S  , 

ne  werm  rnce  of  the  meiting  1,0 

understood  that  tl  6r°?l2e-"~It  will,  of  coin'. 

10  composition  of  bronze  mu 


heai 
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l]l0ch  according  to  the  purpose  for  which  it  is  to  be  used.  In 
iraetioe  a  large  number  of  alloys  are  distinguished,  which, 
according  to  their  application,  are  known  by  various  names. 
To  retain  this  division  would  lead  to  the  enumeration  of  a 
large  number  of  names,  and  we  must  therefore  restrict  our¬ 
selves  to  those  most  frequently  used,  such  as  gun-metal,  stat- 

uary  bronze,  speculum  metal,  etc. 

Before  proceeding  with  the  description  of  the  preparation  of 
the  alloys  serving  for  these  purposes,  it  will  be  convenient  to 
briefly  refer  to  the  bronzes  of  pre-historic  times.  It  is  veil 
known  that  bronze  was  extensively  used  by  the  ancients  foi 
coins,  weapons,  tools,  and  ornaments.  It  might  be  supposed, 
at  first  sight,  from  the  castings  of  the  ancients,  that  they 
possessed  some  very  expeditious  and  simple  means  of  making 

.1  .  ^  _  il  •  d^nr>tmpnt* 


flieir  enormous  and  numerous  productions  in  this  depaitmu 
v..j  .  ,  .  _ ^.,,.0  untenable. 


''Ut  upon  closer  inspection  this  conclusion  appears  untens 

hr  many  analyses  of  their  alloys  have  demonstrated  the  tact 
J  -i.:^  nr mner 


lu&ny  analyses  ot  their  alloys  nave 
their  bronzes  were  not  a  constant  composition  o  11 
ahd  tin,  but  contained  frequently  foreign  metals,  i  1 

hl|t  be  considered  as  intentional  additions,  but  only  ^  ^ 
d'*ntal  contaminations.  Hence  the  success  of  ,  _tter 

^composition  was,  no  doubt,  ot  that  time,  more^  ^  ^ 
"f  accident  than  is  possible  with  our  pie>cn  -  -ve 

«  >"  •»«.,  «.  “L”  .f 

lls  bints  about  the  behavior  of  the  me  a  without,  how- 

^stances  to  be  considered  as  contaminatmns,^^^^  ^ 
<Aer!  contributing  to  the  advance!  jn  modern  times, 

r°£ard  to  the  alloys,  the  res-caic  eXhaustive  in  respect  to 
specially  as  regards  gun-metal,  aie  of  t]ie  alloy  upon 

the  influence  of  the  chemical  c°ml><"  prepare  alloys  with 
*  Physical  qualities  as  to  enable 
auy  desired  properties. 
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While  the  older  bronzes,  especially  those  of  Greek  ori  • 
consisted  almost  only  of  copper  and  tin,  in  the  older  KoT 
coins  considerable  quantities  of  lead  are  frequently 
which  must  be  considered  as  an  intentional  addition.  Zinc 
seems  to  have  first  been  intentionally  added  to  bronze  in  the 
beginning  of  the  present  era.  The  exact  composition  of 
bronze  has  only  been  determined  in  modern  times  with  the 
assistance  of  chemistry,  the  effect  produced  by  the  different 
elements  upon  the  properties  of  the  bronze,  as  well  as  the  in¬ 
fluence  upon  its  physical  qualities  by  rapid  or  slow  cooling 
off,  being  now  quite  well  understood.  But  that  xve  have  not 
t  arrived  at  a  full  knowledge  of  these  properties  is  well  seen 
phenomena  which  in  modern  times  have  excited  the  in* 
all  technologists,  it  being  only  necessary  to  refer  in 

is  respect  to  phosphor-bronze  and  Uchatius’s  so-called  steel- 
bronze. 


Copper 

Tin  .... 
Zinc  .  . 
Lead  .  . 
Antimony 
Iron  . 


Cobalt  . 
Sulphur.  . 
Arsenic .  . 

I  hosphoru: 
Silica .  . 
Loss  . 


N, 


Composition  of  some  ancient  bronzes: 

i. 

86.38 
1.94 


3.36 

5.68 

1.61 

0.67 


0.10 

0.26 


II. 

80.91 

7.55 

3.08 

5.33 
0.44 

1.34 


III. 

88.70 

2.58 

3.71 

3.54 

0.10 

1.07 


IV. 

92.07 

1.04 

2.65 


v. 

68.42 

0.94 


VI. 

81.76 

10.90 


5.25 


3.64 


~~  0.31 


22.76 
0.67 
4.69 
0.78  trace 
1.22 


—  1.48  — 


0.16 

0.79 


0.09 

0.21 


0.04 

0.56 


IX. 


VII.  X’111 
83.65  8S.06 
11.76 


15.99 


0.05 


0.03 


0.26  0.72 


0.15 


4.5 


0.15  trace  trace 
0.63  trace 


0.2 


0.3 


ms.  1  to  4  . 

to  Maumen6 ;  y0  *  amI)les  from  Japanese  temples,  acc01^ 

Egyptian  figure,  according  to  '  * 
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Xo.  C,  from  Cyprus  at  the  time  of  Alexander  the  Great,  ac¬ 
cording  to  Reyer ;  No.  7,  an  axe  from  Limburg  with  a  thick 
coat  of  green  patina,  according  to  Reyer;  No.  8,  a  chisel  of  a 
dark  yellow  color  from  Peschiera,  according  to  Reyer ;  No.  9, 
old  German  chisel,  according  to  Boussingault. 

A  .Japanese  bronze  statue  of  Buddha  weighing  450  tons  is- 
composed  of  copper  98.06,  tin  1.68,  mercury  0.21,  gold  0.05. 


Ordnance  or  Gun-metal. 

the  use  of  bronze  for  casting  cannon  is  said  to  have  been 
known  by  the  Arabs  as  early  as  the  commencement  of  the 
twelfth  century ;  in  Germany  the  first  bronze  cannon  were 
Manufactured  towards  the  end  of  the  fourteenth  century. 

1  dor  to  that,  after  the  invention  of  gunpowder,  cannon  of 
"i ought-iron  bars  put  together  in  the  shape  of  a  barrel  and 
]‘°oped  with  iron  were  used.  While  wrought-iron  guns  soon 
'mr*t  in  consequence  of  the  crystalline  texture  formed,  cast- 
11011  cannon  of  mottled  iron  are  much  more  durable. 
Modern  cannon  of  cast-steel  are  lighter,  cheaper  and  gen- 
( Lilly  more  durable  than  bronze. 

^°re  money  and  labor  have  been  spent  on  the  study  of 
gUn-metal  than  on  any  other  alloy,  the  governments  of  sev- 
01  °f  the  larger  countries  having  expended  rnilh 
dollars  in  experiments  to  find  out  the  best  alloys  for  the 
Manufacture  of  ordnance.  But  that,  notwithstanding  a  t  ns, 
a  final  result  has  not  yet  been  arrived  at  is  best  proved  by  the 
many  different  opinions,  some  diametrically  opposed  to  eac 
other,  in  regard  to  the  value  of,  for  instance,  the  preMous  y 

Mentioned  steel-bronze.  ,  f ■  nnw 

fihe  properties  demanded  from  a  good  gun  nu  <  ^ 

fr°m  the  use  of  the  cannon  themselves.  11  ling  ‘ 
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an  immense  pressure,  amounting  to  over  2000  atm, 
suddenly  developed.  To  resist  this  pressure  th^u 
must  possess  great  toughness,  and  cannon  manuh'tii! 
from  bronze  lacking  this  toughness  burst  generally  with  l 
trial-shots,  for  which  especially  large  charges  of  powder  are 
used.  Gun-metal  must  further  possess  a  high  degree  of  hard¬ 
ness,  as  in  firing  the  projectile  strikes  once  or  several  times 
against  the  walls  of  the  piece,  it  being  impossible  to  give  the, 
same  size  mathematically  accurate  to  the  calibre  of  the  piece! 
and  that  of  the  projectile.  If  the  bronze  be  not  sufficiently  i 
hard,  the  interior  of  the  piece  loses  after  a  few  shots  its  cylin-  i 
di  ical  form,  which  is  detrimental  to  the  accuracy  of  the  shot 
Tally  it  must  be  considered  that  the  gases  evolved  by  the 
bustion  ot  the  powder  attack  the  substance  of  the  piece  I 
itself,  and  hence  the  composition  of  the  bronze  must  be  such 
^  C^em^cal  action  is  reduced  to  a  minimum.  I 

^  '  sauted,  good  gun-metal  must  be  very  tough,  capable  I 

baid>  and  indifferent  towards  chemical  iaH11  I 
Whi0h  Var^  much  from  each  other  and  a* 

nimcult  to  combine. 

We  bee^mldoT*,1,11  th8S<!  p,'0f’°rties  P«®ble  add**' 

">PP«),  and  analyses  of^81  h™'26  (consisti"S  °f 
and  various  *  .  *  ordnance  metal  of  different  centun 

at  a  correct  eoi  show  the  efforts  made  tonira> 

In  modern  times  tl  ^  ^llll"mehal  by  certain  adniixtlirt 

Option  of  a  small  adddj°n  of  foreign  metals,  with  d*e  e 

phosphorus,  seems  t  °f  zinc  or,  in  special  can-'- 

bronz*  being  ad®  ,Ve  b(*n  abandoned,  the  quality  of 

‘-Wnt  in  m£:d  *»  desired  purposes  by  **». 

foreign  metals  is  fo  “  casti"8-  In  older  pieces  a  sen* * 

"d'  S°“*  of  which)  as  for  instance 
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.  „  must  be  considered  as  accidental  contaminations, 
^i, Reparation  of  these  metals  in  a  metallic  form  has 
known  during  more  recent  times.  Iron,  if  present 
ins  considerable  quantity,  is,  no  doubt,  an  intentional  adci- 
:;„iund  a  content  of  bismuth  can  be  explained  by  e  •" 
.Win  connection  with  arsenic  it  was  formerly  used  as  a  flux 
in  the  bronze  mixture. 

The  content  of  tin  in  bronze  suitable  for  ordnance  vanes 
between  9  and  12  parts  of  it  to  100  parts  of  copper,  ordnance 
bronze  containing  more  tin,  showing,  as  a  rule,  greatei  lusi 
bility  and  hardness,  but  less  elasticity,  and  the  resulting  cast¬ 
ings  are  not  nearly  so  homogeneous.  For  smaller  pieces 
“Hoys  containing  8  parts  of  tin  to  100  of  copper  are  geneially 
M  while  those  for  larger  pieces  have  the  above  composi 


tion. 

So 


-  many  details  essential  for  the  success  of  the  operation 
connected  with  the  melting  and  casting  of  alloys  lor  the 
iaQufacture  of  pieces  of  ordnance,  that  a  special  "s  olume 
}dd  be  required  for  a  complete  description  of  the  \<uiou. 
We  can,  therefore,  only  give  the  merest  outline, 
•oust  refer  those  especially  interested  to  the  tieati.-e 
lblished  on  this  subject.  The  principal  requisite  of  an 
answering  all  the  demands  of  a  good  ordnance  bronze 
Production  of  entirely  homogeneous  casting,  whid  " 
"^ravored  to  attain  by  solidifying  the  alloy  under  conditions 
vinrr~i*t,  ..  /v.  mi _ are  always 


°*in8  of  its  uniform  cooling  off.  The  moulds  are  always 

r.  1  1.  „  iinnfir  llOl’- 


aO'd 


□  nra  uiuumu  counny,  un. 

a  vertical  position,  and  the  evil  ol  the  UPI  1 
'ls  of  the  casting  showing  frequently  a  different  composi 
1  *roni  the  lower,  is  counteracted  by  using  an 
Jllze«  so  that  the  finished  casting  has  a  long  piece  on  op, 
Called  “  dead-head  ”  or  “  sullage-piece,”  whic  1  1S 


» 
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on  sawed  off  and  remelted  with  a  new  charge.  This  dead¬ 
head  contains  the  greater  portion  of  the  alloys  of  dissimilar  I 
composition,  and  also  the  so-called  “  waste,”  consisting  of  oxi-  I 
dized  metal. 

Figs.  13  and  14  show  a  double  furnace  in  use  in  the  gun-  I 


Fig.  13. 


luuuury 


melted  at  one  time  fj  ■  ^  ^>^0  lbs.  of  gun-metn 

masses  may  be  brought  ^  °PCninS  through  whic 

bricked  up ;  rt  and  Upon  tl*e  hearth,  after  whi 

c  Serve  f0r  +i  . 

introduction  of 
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masses  of  metal  and  for  stirring ;  e  is  the  tap-hole ;  d  and  f, 
looking  holes ;  g,  flue.  The  portions  indicated  by  k  are  con¬ 
structed  of  refractory  material.  In  this  furnace  the  fusion  of 
16,000  lbs.  of  metal  is  effected  in  3J  hours. 

In  several  French  foundries  a  shaft-furnace  after  the  prin- 


Fig.  15. 


^'Ple  of  Herbetz’s  steam-injector  furnace  is  used,  but  the  hi r- 
n«ce  works  without  steam,  the  natural  draught  of  a  sheet-iron 
ahimney  82  feet  high  being  only  used.  The  furnace  shaft  A 
<Fig.  15),  12i  feet  high  and  2|  to  3  feet  in  diameter,  contains 
the  furnace  and  is  supported  in  a  frame  by  fom  cast  non  co 
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umm  B,  to  which  is  also  secured  the  movable  hearth  e 
that  it  can  he  raised  or  lowered  at  will  by  means  of  scr»' “ 
am  the  operator  has  it  in  his  power  to  regulate,  accordi  J 
re  quality  of  the  coke  used,  the  width  of  the  slit  b  between 
the  edges  of  the  shaft  and  the  hearth  which  serves  for  the  ad¬ 
mission  of  air.  c  are  looking  holes ;  d,  a  Langen  apparata, 
for  closing  the  mouth  of  the  shaft :  c,  a  pipe  conducting  ,hf 
gas  into  the  chimney  D.  This  furnace  has  the  following  ad- 
vantages  over  a  crucible  furnace:  Omission  of  crucible  and  I 
-t,  production  of  a  beautiful  fine-grained  bronze  on  account 
the  e\aporation  of  zinc  appearing  as  contamination,  con- 
ption  of  onlj  about  12  per  cent,  coke  against  40  percent,  j 
crucible  furnaces,  more  rapid  fusion,  and  production  of  j 
casting*  of  any  desired  size  with  but  one  tapping. 

^  oidnance  old  cannon  are  frequently  melted  in> 

,,  r  P  i  ,  ^Ce  ^le  °P*n*on  °f  many  experts  producing  a 
•  nfluence  upon  the  homogeneousness  of  the  result- 

material  The  loss  of  tin  by  oxidation  is  also 

readily  as  in  n  *  Umtod  with  copper  does  not  oxidize  as 
obtain  o  l  1<?  preparati°o  of  new  alloys.  But  in  order  to 

and  after  the  met  P1°duct  great  exPerience  is  reqU"Vtl’ 

examined  as  tn  tu  S  ^  melted>  samples  must  be  taken  am 
not  correct  it  ci  b  F  qualities,  so  that  if  the  composition  h 
per  or  tin  or  old  b°  *mpr°Ved  b>r  a  suitable  addition  of  eop 
siderable  time  bein  ^  Pe  f°uud  necessary.  c°n 

metals  to  form  a  h^'  °"e'er>  required  for  tlie  newly  a<ld^ 
already  melted,  combination  with  the  rnatefl*1 

oxidation  of  the  met- ]  Waut*ou  ’s  necessary  to  prevent  tin 
It  would  be  best  to  ^  mUch  as  possible.  Strictly  taken, 
ho*  w ith  the  practice  of  tv *or  meltmg  bronze  niixt1111'  I 

S  ni0(le  of  firing  not  only  the  1R<1*  I 
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can  be  regulated  at  will,  but  a  flame  containing  no  free  oxy¬ 
gen  and  consequently  capable  of  completely  preventing  the 
formation  of  waste  can  be  passed  over  the  fusing  mixture  of 
metals. 

The  temperature  at  which  ordnance-bronze  is  cast  also  ex¬ 
erts  considerable  influence  upon  its  physical  properties,  one 
of  about  2822°  F.  appearing  to  be  the  most  suitable.  Can* 
non  cast  at  this  temperature  are  distinguished  by  great 
liomogenousness  throughout  the  entire  mass,  and  besides 
diere  need  to  be  no  fear  of  the  separation  of  the  so-called 
tin-spots,  one  of  which,  if  located  in  a  place  especially  sub- 
J11  ted  to  strong  pressure  in  firing,  suffices  to  render  the  entire 
piece  useless  in  a  short  time. 

( ’’duance-bronze  should  be  cooled  off  rapidly,  this  also 
Pleasing  the  danger  of  the  formation  of  tin-spots.  Iron 
Moulds  are  frequently  used,  but  they  must  not  be  too  cold, 
°t  lenvise  the  layers  of  bronze  coming  in  immediate  con- 
*  "ith  the  iron  solidify  so  quickly  as  to  prevent  the  mo- 
1  ’b  of  the  still  fluid  mass  in  the  interior,  which  would 
Induce  an  unequal  tension  of  the  molecules,  in  consequence 
"bith  the  piece  might  burst  with  the  first  shot.  In  many 
diiance-foundries  sand  moulds  are  used,  there  being  a  great 
'  ersity  of  opinions  as  to  which  method  of  casting  is  the 
.  *  suitable.  Cannon  are  now  generally  cast  solid,  and 
e  cylindrical  cavity  is  formed  by  boring  out  this  solid 
<ls--  Some,  however,  consider  it  preferable  to  cast  the  piece 
°U*r  an  iron  mandrel,  which  is  sometimes  so  arranged  that 
]  can  circulate  in  it  in  order  that  the  parts  nearest  to  it 
'  quickly  solidify  and  become  as  hard  as  possible, 
j  Steel-t>ronze.— The  ordnance-bronze  known  under  this  name 
spared  in  the  Austrian  arsenals,  the  method  ol  melting 
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and  subsequent  treatment  in  casting  being  kept  secret  ]{ ■ 
only  known  that  the  bronze  contains  8  per  cent  of  tin 
that  the  casting  is  effected  in  cold  iron  moulds.  The  peeu] 
arity  of  the  process  of  manufacturing  ordnance  from  steel- 
bronze  (also  called  Uchatius-bronze,  after  its  inventor)  consists 
in  the  piece  after  being  finished  to  a  certain  extent  being  sub¬ 
jected  to  a  peculiar  mechanical  treatment.  The  calibre  of 
the  piece  is  made  smaller  than  it  is  finally  to  be,  and  is  then 
giadually  enlarged  to  the  required  diameter  by  steel-cylinders 
v  ith  conical  points  being  forced  through  the  cavity  with  the 
assistance  of  hydraulic  presses.  In  consequence  of  this  pe- 
culiai  treatment  the  cavity  is,  so  to  say,  rolled  or  forged,  the 
bronze  acquiring  the  greatest  power  of  resistance  in  those 
places  which  in  firing  are  subjected  to  the  greatest  pressure. 

The  following  table  shows  the  composition  of  ordnance- 
nze  of  c  arious  times  and  different  countries : — 


United  States.  . 

Prussia  ^m°^eru) 
Ungland  .  ’  ' 

Prance  (1780)  1  '  '  ’ 

Savoy  (Turin  lmf 
Russia  (1819)  .  }  ‘  * 

Lucerne  (Switzerland) 
Cochin  China  . 

China  .  . 

Turkey  (1464)  . 


Parts. 


Copper, 


90 

90.09 

90.90 

89.30 

100 

100 

88.61 

88.929 

77.18 

93.19 
71.16 
89.38 

95.20 


Tin. 

Lead. 

Zinc. 

Iron. 

10 

— - 

9.9 

__ 

_ 

— 

9.1 

_ 

_ 

— 

10.7 

_ 

— 

— 

12.0 

— 

— 

_ 

10.7 

_ 

0.69 

10.375 

0.062 

0.419 

o.iio 

3.42 

5.43 

13.22 

5.02 

1.16 

1.38 

— 

_ _ 

27.36 

1.40 

10.15 

_ 

— 

4.71 

— 

61-0 

6.0 


1  was  k»own  in  0 


,ent  that  certain 
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k  reason  of  their  composition,  have  to  be  classed  with  the 
bronzes,  are  distinguished  by  a  specially  pure  tone  on  being 
struck.  The  ancient  Hebrews,  Babylonians  and  Egyptians 
made  use  of  small  hand-bells  and  cymbals,  especially  at 
festivals  and  dances.  The  Romans  bad  small  bells  at  their 
house-doors  and  in  the  baths.  In  the  temple  of  Proserpina 
at  Athens  bells  announced  the  hour  of  the  sacrifice ;  they 
sounded  as  a  martial  signal,  and  were  secured  to  the  tri¬ 
umphal  car  of  the  conqueror.  The  actual  church  bells  were 
first  introduced  by  Paulinus,  Bishop  of  Xola  in  Campania. 
In  France  bells  were  introduced  about  the  middle  of  the  sixth 
century,  somewhat  later  in  England,  but  in  Germany  only  in 
the  11th  century.  The  largest  bells  were  cast  in  the  middle 
ages,  bell-founding  flourishing  especially  from  near  the  end 
of  the  15th  to  the  commencement  of  the  16th  century.  I  ho 


eight  of  some  of  such  large  bells  is  as  follows  :  Ivan  V  cliki 
t  Moscow,  Russia,  cast  in  1653,  528,000  lbs.:  this  bell,  veil 
3  another  weighing  316,800  lbs.,  at  the  same  place,  fell 
0Wn-  Two  other  bells  at  the  same  place  weigh  176,000  and 
5b,200  lbs.  respectively.  A  bell  in  Toulouse,  France,  weighs 
6>500  lbs.,  one  in  the  Stephan’s  tower,  Vienna,  56, 

I  St.  Peter’s  church  at  Rome,  41,800  lbs.,  at  Olmutz  39  - 
00  lbs.,  at  Notre  Dame,  Paris,  35,640  lbs.,  at  Milan,  oo 

and  one,  at  Erfurt,  cast  in  1497,  30,250  lbs.  O  er  e  s 

II  ‘ha  cathedral  at  Cologne  weigh  24,200  lbs.  and  18.20  • 

Actively,  while  the  new  Kaiser  bell  weighs  o9.  io 

s  10  feet  8  inches  high  and  11  feet  4  inches  wic 

The  principal  requisite  of  good  bell-metal  is  . i  pure.  « 
— .  whicMs,  however,  only  obtained  withm,  alloyshow 
ng  besides  great  homogenousness  am 


*  Hence  the  world  campanile. 
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able  degree  of  strength.  Experience  has  shown  that  th 
qualities  are  obtained  with  a  composition  containing  fromt 
to  22  per  cent,  of  tin.  The  color  of  good  bell-metal  is  a  m 
liar  gray-white,  differing  materially  from  that  of  ordnance 
bronze  and  statuary-bronze.  The  bell-founder  uses  the 
pearance  of  the  fracture  as  a  sign  of  the  correct  composition  of 
the  bell-metal ;  if  the  fracture  be  too  fine  the  alloy  is  too  rich 
m  tin  ;  if  too  coarse-grained  it  contains  too  little  tin. 

Bell-metal  is  brittle  and  cracks  under  the  hammer,  cold  as 
Yell  as  heated.  If  it  be  repeatedly  brought  to  a  dark  red 
heat  and  quickly  cooled  by  immersion  in  water,  its  brittleness 
is  so  far  leduced  that  it  can  be  hammered  and  stamped.  It 
has  been  attempted  to  change  the  sound  of  bell-metal  andim- 
pro\  e  it,  especially  in  regard  to  its  purity.  The  opinion  was 
formerly  held  that  an  addition  of  silver  adds  to  the  beauty  of 

md,  though  at  present  it  is  thoroughly  understood  that 
such  is  not  the  case 


of 


a  l  ii  1  en(^en^  tbe  quality  of  the  material  used  the  tom  U1 
tlJ  1  depends  materially  on  its  size  and  form,  the  thicknessof 

of  imv  Sf&nd  the  proPorti011  of  height  to  diameter  being  ^ 
bell-founder  ^  &  beautiful  and  pure  tone.  The  skill  ot  th* 

of  the  alloy,  ihish  mUCh  in  findinS  the  riSht  conlP0Sltl°” 
time,  as  in  giv;n  ^lllg  thoroughly  understood  at  the  PuvsCl 

tone,  which  is  of  s  a  s^aPe  corresponding  to  a  e°lt<l 

The  melting  and  a^niPortance  for  chimes. 

that  of  ordnance-broiaStlnS  °f  bell'metal  is  not  as  difficllb 
them.  The  copper  js  fi’^h°Ugh  great  analogy  exists  bet'uj 
fused  mass  as  much  ils  melte(1  down,  and  after  heating 
intimate  mixture  prom^T^6’  ttle  tin  is  introduced  and 
founders  do  not  add  all  t/  !y  vig°rouS  stirring.  Man)’  be  ' 

c  tlu  at  once,  hut  at  first  about  t*0* 
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thirds  of  it,  and  when  this  has  formed  a  union  with  the 
copper,  the  other  third. 

It  rarely  happens  that  new  materials  are  entirely  used  in 
preparing  the  bell-metal,  old  bells  and  ordnance-bronze  being, 
worked  in  large  quantities.  The  composition  of  these  should, 
however,  be  known  so  that  the  mean  of  the  alloy  be  such  as? 
will  yield  a  bell  of  the  required  quality.  For  this  purpose  it 
is  best  to  melt  small  portions  of  the  respective  metals  together 
in  the  same  proportions  in  which  they  are  to  be  fused  on  a 
large  scale.  From  the  quality  of  these  test -pieces  it  will  then 
be  seen  whether  a  change  in  the  composition  of  the  alloy  is 
necessary. 

h  is  still  more  preferable  to  ascertain  by  a  chemical  analy- 
die  centesimal  composition  of  the  metals,  since  the  appear- 

ance  of  the  fracture,  color,  and  degree  of  brittleness  gives  lise 
to  error. 


^  ^as  been  frequently  observed  that  bells  repeatedly  ic 
dted  acquire  a  disagreeable  tone.  The  principal  rerson  loi 
'  c^ange  is  found  in  the  solution  of  oxide  in  the  alloy 
evU  can  be  overcome  by  deoxidizing  the  mixture 
letals>  to  Which  we  will  refer  later  on.  While  the  composi- 
oriof  bell-metal  for  large  bells  is  always  within  the  above- 
lenti°necl  limits,  the  material  used  for  the  manufacture  of 
tla11  t(nver-bells,  table-bells,  etc.,  varies  very  much,  mixtures 
'lng  often  used  which  can  actually  not  be  class*!  as  b^- 
‘Hthey  being  frequently  only  tin  alloyed  wi  i 

of  copper  and  a  little  antimony.  a  strong, 

/  Utlese  tam-tams  or  gongs  are  distingui-  ^  made  is 
felling  sound.  The  alloy  of  whl®  1  '' bell-metal,  the 

of  the  same  composition  as  the  <  treatment.  As  . 

Police  in  sound  being  due  to  mce  ian 
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•soon  tis  the  plates  intended  for  the  manufacture  of  tam-tam- 
•are  well  solidified  they  are  withdrawn  from  the  mould  and II 
t  reduced  into  a  furnace  where  they  are  raised  to  a  chem-mj  I 
heat.  They  are  then  inserted  between  iron  disks  and  plungtd  I 
into  water  and  allowed  to  cool,  after  which  they  are  with- 1 

drawn,  and  are  so  tough  that  they  may  be  worked  under  the  ] 
hammer. 

The  following  table  shows  the  composition  of  some  bell-  I 
metals : — 


Normal  composition  .  . 

Alarm  bell  at  Rouen  1 

Tant-tam. .  .  * . 

150118  of  JaPanese  origin. 


Parts. 


Copper. 

Tin. 

Zinc. 

Lead.  Silver. 

Iron 

SO 

20  — 

_ 

- 

78 

90  _ 

_ 

— 

76.1 

22.3 

1.6 

_  1.6 

71.4S 

33.59  — 

1  4.04  - 

73.04 

21.67  — 

,  1.19  0.1T 

SO 

20  — 

- 

78.51 

10.27  — 

0.52  0.18 

10 

4 

1.5 

_  0.5 

10 

2.5 

0.5 

1.33  — 

10 

a 

1 

2  * 

10 

1 

— 

-  j 

s,  sleij 
has 


bells,  etc.,  an  ap0  ^  Sma^  cl°ck-bclls,  tal>le-b 
used-  Experience  a  clear  and  pure  tone  has  t( 

l*er  cent,  of  tin  giy  **  Shown  th«t  hell-metal  with  aboai 

suitably  used  for  small  *one>  and  can  thereto^ 

as  cheap  an  alloy  as  \  however,  it  is  an  object  to 

of  the  content  of  th0  ^  ^or  ^ese  purposes  by  a  red 11  c 
will  suffice  to  show  th°Xp0nsivc  copper.  The  following  tabU  I 

t  ComP°sition  of  such  alloys :  I 
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Parts. 


Copper. 

Tin. 

Zinc. 

Lead. 

Silver. 

Anti¬ 

mony. 

Bis¬ 

muth. 

House-bells . 

!  80 

20 

'  _ 

— 

— 

— 

_ 

House-bells,  smaller. 

75 

25 

— 

— 

— 

— 

— 

Clock-bells,  German. 

73 

24.3 

2.7  ; 

— 

— 

— 

— 

Clock-bells,  Swiss. 

74.5 

25 

. 

0.5 

— 

— 

— 

Clock-bells,  Paris.  . 

72.0 

26.56 

_ 

— 

1.44 

— 

— 

Sleigh-bells . 

84.5 

15.42 

_ 

— 

— 

0.1 

— 

White  table  bells.  . 

17 

800 

__ 

_ 

— 

— 

5 

White  table  bells.  . 

7 

— 

— 

1 

Algiers  metal  (metal  cT  Alger). — This  metal  has  a  nearly 
pure  white  color  and  takes  a  beautiful  polish.  It  can 
warcely  be  classed  with  bell-metal,  its  composition  having 
nothing  in  common  with  it.  It  is  composed  of  copper  5 
l'arts>  tin  94.5,  and  antimony  0.5.  The  antimony  is  very 
added  to  give  greater  hardness. 

^nrge  bells  are  cast  in  loam  moulds.  The  figures  oi  dc- 
'■'£ris  with  which  the  bell  is  to  be  ornamented  are  placed  in 
the  mould,  the  portions  which  have  been  left  imperfect  in 
<*sting  being  mended  after  the  cast  bcn  is  cold.  Small  bells 

are  generally  cast  in  sand  moulds,  though  recently  iron 
Moulds  are  frequently  used. 

Silvw  bell-metal.— This  alloy  suitable  for  small  bells  is  <hs- 
tlnguished  by  a  beautiful  silver-clear  tone,  and  a  nearly 
"hite  color.  It  is  composed  of: 

Parts. 


Copper 
Tin  . 


i. 

II. 

III. 

.  40 

41.5 

41.6 

.  60 

58.5 

58.4 

Bronzes  .for  Various  Purposes. 

As  previously  stated  the  properties  of  bronze 

^  l/ 
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varied  within  very  wide  limits  according  to  ,v 
for  which  it  is  to  he  used.  A  few  of  the  most'-  '1 
bronzes  used  in  the  various  branches  of  indust, ■ 
g.ven.  To  enter  on  a  detailed  description  of  all  ^ 
"  scarcely  practicable,  since  many  manufacturers  pi  '' 
bronzes  for  their  special  purposes  use  alloys  which,  ^ 
icu  centesimal  composition  (in  respect  to  copper  and  ti.) 
S  ow  considerable  variations,  and  sometimes  contain  otk 

me  a  S  aS  addltl0ns>  which>  according  to  the  assertions  of  the 
manu  acturers,  impart  to  them  exactly  the  properties  desired, 

ing  to  the  purposes  for  which  the  bronzes  are  to  he 
ma^  be  designated,  besides  those  already  men- 
sevei  *  S  machine  bronze  (for  bearings  and  pieces  subject  to 
iction),  coin  and  medal  bronze,  and  ormolu.  The 

man  a  1S  clllefly  used  for  small  articles  of  art,  and  is  by 
cause  tl  ^  among  statuary  bronze,  but  incorrectly  so,  be 
termed  a\  attei  - ^  "  ^  be  exPlained  later  on,  cannot  be 

ahove-inent?1126  ^  ^  aCtUal  Sense  of  the  word-  BesideS  the 

tioued  the  ^  ^  arieties  of  bronze,  there  remains  to  be  men- 
for  mirrors  of  ^Um  meta*>  which  was  formerly  much  used 
plication  is  limit^1  instruments,  but  at  the  present  its  8P 

cheaper  process  and  at  milTOrs  beinS  now  made  b}  * 

Medal  and  coin-broi  ^  °  Same  °f  greater  power. 

must  have  a  certain  br°Uze  suitable  for  these  purpose* 

true  impression,  and  °f  ductil%,  be  able  to  receive 8  j 

"'oar  wmi  T  ., 


coin  is  now  made  of  a  p ,  In  many  countries  the  1 

as  formerly,  it  being  potf  °  bbo  ad°y  instead  of  pure  co 
is  likely  to  receive  i„  c;''  calculated  to  resist  the  injuri 

“g  medals  c°utains  o  "  ,011'  Th°  bronze  used  in 

generally  from  4  to  ^ble  pr0portion  of  thl,  « 

necording  to  the  depth  oi 
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•  „  Bronzes  containing  about  8  per  cent,  of  tin  are 
SL  by  great  hardness,  but  can  be  rendered  snffi- 
Xft  for  stamping  by  heating  to  a  red  heat  and  temper- 
*  This  variety  of  bronze  is  chiefly  used  for  medals  which, 
besides  being  distinguished  by  artistic  execution  are  to  hare 
considerable  durability.  If  the  impression  is  to  be  quite  de  1 , 
or  if  the  medals  are  to  be  stamped  several  times,  t  ey  mus 

repeatedly  annealed.  . 

An  addition  of  a  very  small  quantity  of  lead  and  zinc 

a  favorable  effect  upon  the  metal  to  he  mol  foi  me 
renders  it  softer,  so  that  it  can  be  worked  "with  giea^G 
and  its  color  and  fusibility  are  also  impro\  ed.  . 

The  baser  coin  of  many  countries  (France, 

Belgium,  Italy,  etc.)  consists  of  a  bronze  of  \  an  ing  c  1 
tion.  The  copper  coin  manufactured  in  France  ^  ^ 

consists,  for  instance,  of  copper  95  parts,  tin  4,  1852 

Ibis  alloy  has  stood  the  test  of  time,  coins  stan  P  sufli- 

st'U  showing  the  impression  in  all  its  details,  "  ^ 

dent  proof  of  its  durability.  Coin-bionze  as  an(j  4 

,  Greeks  and  Romans  contained  trom  96  pait  shown 

tin,  to  98  parts  of  copper  and  -  ^or  blie  work, 

that  the  first  of  these  alloys  can  he  1  ^  polish  while 

medals  of  this  composition  taking  "nci}  1 

sufficiently  hard  to  wear  well.  ^  show  the  color  of 

Many  medals,  as  is  well  knou  n,  do  produced  by  oxi- 

Bi'onze,  but  a  pleasant  brown,  subse  1  _  ^  ^  pale-red  coloi, 

dation.  A  bronze  which,  on  aocoun  ^  in  high  relief, 

|is  especially  adapted  for  medals  wi  1  ^  .g  at  the  same  time 
insists  of  a  mixture  rich  in  be  stamped  without  an 

is  very  flexible,  so  that  theme  conSists  of  copper  9/ 

expense  of  great  power. 

Barts,  tin  2,  and  lead  1- 
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Medals  whose  size  does  not  exceed  a  certain  limjt 


are  at 


present  stamped  from  sheet  rolled  out  to  the  renni .  a  .  * 

c4ulred  thick¬ 
ness,  and  the  blanks  thus  obtained  stamped  with  the ' 

sion,  this  method  being  also  used  in  making  coins.  For], 
medals  with  impressions  in  very  high  relief  plates  are  p* 
pared  by  casting,  the  model  of  the  medal  being  used  in  order 
to  obtain  plates  already  somewhat  raised  or  depressed  on  the 
respective  places.  As  soon  as  the  pieces  cast  in  sand  are 
solidified,  they  are  thrown  into  cold  water  to  give  them  the 
required  degree  of  softness.  After  subjecting  them  to  one  or 
two  pressures  in  the  stamping-press,  they  must  be  again  an¬ 
nealed  in  order  to  prevent  cracking  of  the  edges. 

Ormolu  ( Or  moulu). — This  alloy  is  much  used  for  small 
statues,  candlesticks,  inkstands,  etc.,  but  serves  also  for  purely 
artistic  puiposes.  It  also  finds  a  verv  interesting  application 
the  manufacture  ot  articles  coated  with  enamel.  The 
amel  is  placed  in  shallow  cavities  chiseled  in  the  surface  of 
the  bronze  and  fused  by  heating  the  latter.  Enamel  of  various 
can  be  used,  each  color  being  terminated  by  the  edg- 
.  ,  cavities,  and  the  articles  after  heating  appear  coate 
7  .  1 1G  tlShtly-adhering  enamel.  Such  work  is  termed  e0J 
c  ornnne  it  became  known  in  Europe  through  Chu** 

the  rr  Ut  ^  PreSent  the  E»ropean  product  by  far  ^ 


4 

I 


the  Chinese. 

mV°  the  comP°siti°n  of  a  few  bronzes  which  «■» 
Classed  with  orm„i . .  .  .  .  . . .nuftc 


tare  of  small  articles 


ormolu.  Ihey  are  much  used  in  the  111,1111 


“  enormous  extent  *h“  industr>'  bein«  carrie'' 
ormolu.^. .  T  aiWl  Vienna'  ,  •  „ 

golden-yeii(  i  'S  bronze  ls  distinguished  by  ‘ 

b«‘  ^  *<v 

eomposed  of  on  *  6  ^nest  bronze  articles  of  luxuiy 
of  copper  58.3  parts,  tin  16.7,  zinc  25.3. 
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Bron-c  for  small  castings.— For  articles  to  be  prepared  in 
tee  quantities,  it  is  desirable  to  have  a  bronze  which  be- 
„i«s  very  thinly  fluid  in  the  heat  and  fills  out  the  moulds. 
Cast-iron  moulds  are  generally  used,  and  the  articles,  as  a 
tale,  turning  out  very  clean,  can  be  at  once  brought  into  com¬ 
merce  after  mending  imperfect  parts.  A  bronze  of  excellent- 
quality  for  this  purpose  is  composed  of  copper  94.12  parts, 
tin  5.88. 

Gold-bronze.— For  many  articles  which  are  to  present  a 

%J  * 

beautiful  appearance  without  being  too  expensh  e,  it  is 
scarcely  practicable  to  provide  them  with  a  coating  of  genu 
ine  gold.  An  effort  must,  therefore,  be  made  to  impart  to 
the  alloy  to  be  used  a  color  resembling  as  closely  as  possible 
that  of  gold.  A  mixture  possessing  these  properties  in  a  higl 
degree  is  composed  of  copper  90.5  parts,  tin  b.o,  and  zinc  o 
This  alloy  retains  its  beautiful  gold  color  on  exposuit 
ab,  but  loses  it  rapidly  if  exposed  to  both  aii  and 
Articles  manufactured  from  it,  if  kept  in  a  1 00111 ,  1C*‘  ^ 

c°lor,  and  in  the  course  of  time  act  like  all  genuine  1m  ^  , 

c.,  they  become  covered  with  the  characteristic  g 

,  •  lUrrLlv  valued  on 

!rib  known  as  genuine  patina,  which  is  ^o  t? 

aCC0Unt  of  bringing  out  the  beauty  of  the  c01lt°^utiful  gold 

According  to  Marshal  and  Samner,  "ed  by  fusing 
)r0nze  is  obtained  if  the  tin  e  i--  with  saltpetre 

'Vlth  nitrate  of  soda,  and  the  copper  }  fuged  copper  a rgol 
and  Potassium  cyanide,  and  adding  to  red  are  fused 

aild  potassium  cyanide.  rl  he  meta  ^  saj  ammoniac, 

*°gether  with  the  addition  of  a  Marseilles  (castile) 

l)0tassium  cyanide,  phosphoi  C°1 1  ^  ^liantity  of  sodium  is 
SoaP ;  before  pouring  out,  ‘l  ^  able 
a4ded  to  make  the  alloy 
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Bronze  to  te  gilded. -Every  kind  of  bronze  can  be  M 
e  gold  adhering  with  great  tenacity.  An  example  of® 
is  furnished  in  the  equestrian  statue  of  the  Emperor  Mm, 
-  urelius,  standing  in  front  of  the  capitol  at  Rome,  which 
still  shows  traces  of  the  gold  with  which  it  was  at  one  time 
el)  coated.  In  making  castings  to  be  subsequently 
ded,  it  is  advisable  to  use  an  alloy  which  is  distinguished 
beautiful  gold  color,  such  alloy,  as  previously  mea¬ 
led,  lequiiing  the  smallest  possible  quantity  of  gold.  An 

y  answering  the  purpose  is  composed  of  copper  58.3 parts, 

^11  16.7,  zinc  25.3.  • 

of  1  1  man'  places>  esPecially  in  Paris,  much  jewelry  is 
^  'C.  1  he  articles  being  generally  turned  out  bv  stamp 

S  finally  gilded,  the  bronze  used  must  have  a  cel^n 
,  °f  ductilit.r  and  allow'  of  being  readily  gilded.  A 

.  Ure  answering  these  demands,  and  of  which  the  P* 

co.mecV  ‘lle  PariS  bronze  jewelry  is  mad®.  consislS  ’ 
pper  8  Parts,  tin  7. 

parts  of  tin  t  sfuat^n9- — A  bronze  containing  1°  t0 

a  red  heat,  and  ia °f  *°pper  can  be  readily  rolled  to  **»• 
Per  cent,  tin  resist^  P^es  w^bi  a  content  of  4-a  t0  ^ 
pure  copper.  10  Uc^ori  °f  sea- water  much  longel  ^ 

decreases  essentially,  t!  ^  3  per  cent,  tin  its  durabil  . 
portion  of  the  tin  b  *  kas  Peen  sought  to  replace  a  ^ 
being  claimed  that th  °F  lead  (°-5  to  13  per  ^  ' 
1  roiich  bronze-sheet  com^  makes  the  bronze  more  unifo^’ 

’  ’>7  per  cent- ;  tin,  8  17  TS’  accoi‘ding  to  Pufahl,  cOpPef’ 

6-04.  ;  lead  o  n  7  a  irtft 

’  u  11 ;  nickel,  0.08;  and  ^ 

i  fachinc-bronze.- _ in  ^  . 

great  number  of  nli^  c°llectivA  +  •  i,iAe 

aJI°ys  Avitu  '°  term  are  mcluo* 

Lu  yGl. 

A  triable  m 


re  incl 
1  triable  properties) 
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which  have  actually  nothing  in  common  except  that  they  are 
used  for  certain  parts  of  machinery.  Many  of  these  mixtures 
of  metals— for  some  of  them  can  scarcely  be  called  bronzes — 
must  be  as  hard  as  possible  in  order  to  resist  wear,  others 
must  possess  great  strength  so  as  not  to  yield  under  shocks  or 
pressure,  while  still  others  must  have  the  property  of  showing, 
even  under  a  heavy  load,  but  little  frictional  resistance  when 
in  contact  with  other  metals. 

Bronzes  of  ordinary  composition  differ  but  little  as  regards 
their  properties  from  other  cheaper  metals  and  mixtures  of 
metals,  and,  on  account  of  their  higher  price,  are  but  little 
used  in  the  manufacture  of  parts  of  machinery,  red  brass 


being  more  frequently  employed.  The  so-called  white  metal, 
^hich  is  distinguished  by  great  hardness  and  comparative 
■cheapness,  finds,  however,  much  application  for  beatings, 
f he  white  metals  most  frequently  used  in  the  manufactuit  <>i 
Machines  consist  of  alloys  very  rich  in  tin,  containing  beside* 
this  metal,  antimony  and  a  small  quantity  of  copper. 

Alloys  for  bearings.— The  alloys  for  bearings  of  heavy  axles, 
'specially  such  as  revolve  rapidly,  for  instance,  bearings  ot 
lailroad  wheels,  are,  as  a  rule,  very  rich  in  coppei  (betwee  | 
ani  90  per  cent.),  and  must,  therefore,  be  classed  among  t  ie 
bronzes.  The  alloys  richest  in  copper  can  be  forge  m  e 
W,  while  those  with  a  smaller  content  ot  coppei  ac 
tillable  property.  In  the  annexed  table  the  <=°mP0* 
afew  important  alloys  belonging  to  this  gioup,  ai  ^  ^ 

J**  for  "  hich  are  ***£yJ£  to*  machine-shop 

°u>d,  however,  remark  that  near  >  ^  same  purp0Ses. 

I**  all°ys  of  varying  compost  tot  ^  ^  difference  in  the 

lls  variation  can  only  he  exl>  a  ident  from  what  has 

Wlity  of  the  metals  worked,  for 
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ready  been  said  in  regard  to  the  influence  of  small  m 
ties  of  foreign  metals  upon  the  quality  of  the  alloys  fa, 
machine-shop  having  only  copper  containing  a  small 
iy  0  iron  at  its  disposal  will  use  a  different  compositi* 
rom  one  working  copper  free  from  iron. 

The  same  holds  good  as  regards  all  other  contaminations,  I 
would  be  a  gieat  achievement  if  the  metals  serving  for 
pieparation  of  the  alloys  could  be  procured  chemically  j 
1  e  at  a.  low  price.  The  result  would  be  a  considerable 

•u  1 GaSe  ^l°  num^er  al%s  used  for  certain  purposes, 
the  same  mixtures  would  be  employed  for  the  same  pur¬ 
poses  in  all  factories. 


Metals  for  Bearings. 


Ii?r  'ocomotiv, 


e  axles 

U 


railroad  car  axles* 

U 

a 

various  axles' 


iC 

<1 


(iSrni  ■»«) 

(Very  hard) ; 
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MacUne  Metals  for  Various  Purposes. 


Parts. 


For  cog-wheels. 

“  punches  ...  • 

“  steam-whistles . 

ii  »  “ 

ii  (■Qfhs  .  .  * 

“  boxes  for  wagon  wheels  . 

“  stuffing  boxes . 

“  mechanical  instruments 
“  files . . 


91.3 

83.3 
80 
81 
88 
87.7 
86.2 
81.2 
64.4 
61  5 

weights . .  ijj  . 

“  castings  to  be  gilded . LZ'r, 

<1  41  U  U  I  /T  / 

*'  shovels  (malleable).  . 

«  b.Utt?r8  (whik')  •  •  . . I  fl’sS 

sheet  for  pressed  articles . I  U'pr® 

small  castings .  94.12 

“  “  ii  °  90 

‘(l(  piston  rings .  ut 

(l  l)Ump  barrels . 

eccentric  straps .  90 


Lead. 


Bronze  for  articles  exposed  to  shocks  and  ie>])  (J 

%*r,  83  parts ;  tin,  15  ;  zinc,  1.5  ;  lead,  0.5  other 

Bronze  for  valve-balls  and  other  constituent  pay  ^  parts; 

Ws  are  to  be  soldered  with  hard  solder.  ^°1I  _  rec]; 

V 12;  antimony,!.  This  alloy  is  flexible,  ant  o 


Sfanular  fracture. 


this  purpose 


Bath 


Bronze  resisting  the  action  of  the  air.  boi  1  *  *of  prass,  and 
Commends  a  mixture  of  576  parts  of  copper,  ^  0 

59  °f  tin-  .  vcr  also  be 

^  bronze  for  the  same  purpose  can,  bout  *  ^  2  of  tin. 


obtained  by  mixing  together  26  parts  of  C01  purposes  a 
^  beautiful  bronze ,  which  can  he  used  ioi  ^  ^  copPer> 
a  substitute  for  brass,  and  also  as  hard  ^  parts 

Stained,  according  to  Eisler,  hy  mixing  to«G 


as 

is 

of 
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copper  and  1  of  tin.  It  is  golden-yellow,  can  be 

and  stretched,  is  harder  and  more  plastic  than  brass  and 

copper,  nearly  as  hard  as  wrought-iron,  and  runs  more  end, 
and  thinner  than  brass. 

Chinese  bronzes.— Some  bronzes  exhibited  at  the  Paris 
Exhibition  attracted  special  attention,  not  only  on  account  of 
artistic  beauty,  but  also  on  account  of  the  unusuallv 
leep  bronze  color,  which,  in  many  specimens,  presented  a 
eautiful  dead-black  appearance.  The  color,  which  was 
ubtless  intended  to  contrast  with  the  silver  of  the  filigree 
ork,  v  as  proved  to  belong  to  the  substance  proper  of  the 
ze,  and  not  to  have  been  artificially  produced  by  an 
1  p  ‘ation  upon  its  surface.  Analyses  of  the  different  sped- 
the  bronze  gave  the  following  results : — 

Parts. 


Tin  .  . 
Copper 
Lead  . 
Iron.  . 
Zinc.  . 
Arsenic 


I. 

II. 

III. 

5.52 

7.27 

.  .  82.72 

72.09 

72.32 

20.31 

14.59 

•  .  . 

1.73 

0.28 

0.67 

6.00 

rnv  •  •  •  —  liutc 

J  hese  alloys  contain 

is  found  in  ordinar  r  &  mUC^  *arSer  proportion  of  1 
quantity  of  lead  inere*  M°nze’  ail(^  ^  is  noticeable 
bronze  color,  proving  ^rec^se^y  with  the  intensit 
‘O  the  special  oom Jlj T  Wore  stated,  that  the  latte 

of  the  speetal  °n0fthe  bronze. 

/lUQ>  ^llt  the  presence  of  +1  a  considerable  prop< 
appearance,  seeraed  ®etal,  i„stead  of  impro 

kai  ‘°  COU«ter-balanee  the  effec 
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I„  imitation  of  the  Chinese  bronze  some  alloys  were  made 
of  the  following  composition : 

I.  II. 


Tin . 

. 5.5  parts. 

5.0  parts. 

Copper  . 

. 72.5 

U 

83.0  “ 

Lead . 

. 20.0 

u 

10.0  “ 

Iron . 

. 1.5 

il 

u 

Zinc . 

. 0.5 

ll 

2.0  “ 

No.  I.  produced  an  alloy  exceedingly  difficult  to  work,  and, 
without  giving  any  superior  results  as  regards  color,  furnished 
castings  which  were  extremely  brittle. 

No.  IIM  on  the  contrary,  gave  an  alloy  exactly  resembling 
tiie  Chinese  bronze.  Its  fracture  and  polish  were  identical, 
and  when  heated  in  a  muffle  it  quickly  assumed  the  peculiar 
dead-black  appearance  so  greatly  admired  in  the  Chinese 
specimens. 

Hitherto  it  has  been  found  difficult,  if  not  impossible,  to 
obtain  this  depth  of  color  with  bronzes  of  modern  ait,  .  incc 
^te  surface  scales  off  when  heated  under  similar  conditioi 
4  II. 

Japanese  bronzes. — An  analysis  of  Japanese  bronzes  ma 
h.  J.  Maumene  gave  the  following  results  . 


Copper .  86.38 

Tin . 1.94 

Antimony . 1.61 

Lead . 5.68 

Zinc . 3.36 

Iron . 0.67 

Manganese . 0.67 

Silicic  acid . 0.10 

Sulphur . 9.10 

Waste . 9.26 


89.91  88.70  9~° 

2.58  L94 

1.94 
1.04 
2.65 
3.64 
3.64 
0.04 
0.04 
0.56 

blistered  in 


7 .55 
0.44 
5.33 
3.08 
1.43 
trace 
0.16 
0.31 
0.79 


0.10 

3.54 

3.71 

1.07 

1.07 

0.09 

0.09 

0.21 


these  alloys  show  a  granulated  texture,  aic 
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the  interior,  and  sound  on  the  exterior  surface.  In  the 
■enee  of  an  abundance  of  antimony  their  color  is  sen*  I 
violet,  and  red  in  the  presence  of  iron.  The  specimen  1 1 
were  cast  thin,  from  0.195  to  0.468  inch,  and  the  mould  wJ 
well  filled. 

Old  Peruvian  bronze. — An  old  chisel,  weighing  about  7 1 
ounces,  found  in  Quito,  and  which  had  evidently  been  used  1 1 
foi  working  trachyte,*  showed  according  to  Boussingault  the  I 
following  composition:  Copper  95.0  parts,  tin  4.5,  lead  0.2,1 
iron  0.3,  silver  traces. 


A  chisel  brought  by  Humboldt  to  Europe  from  a  silver 
mine  worked  by  the  Incas  consists  of  copper  94  per  cent.,  tin 
•6  per  cent.  Charlon  ascribes  the  hardness  of  the  tools  used 
b>  the  Peiu\ians  in  mining,  which  consisted  of  copper  94  per 

ent.  and  tin  6  per  cent.,  to  the  presence  of  a  small  quantity 
of  silicon. 


>osed  oi 


A  TarJcish  bronze  basin  examined  by  Fleck  was  comp 

copper  <  8.54  parts,  tin  20.27,  lead  0.54,  iron  0.19. 

antique  bronze  weapon  in  the  form  of  a  chisel,  which  "J 

n  near  Bremen,  was  composed  of  copper  85.412  parts, tl] 
°-Mb,  iron  0.34G. 


Alloys  .  Speculum  Metal. 

take  a  beauti^l^r  f  two‘thirds  copper  and  one-tl 
present  time  such°  ^  1  Can  llsed  as  mirrors, 
mirrors  for  optical  are  ordy  used  in  the  const ri 

though  they  are  ^ 1Stru especially  for  large  te 
6iood  specululn  !  ^  teradually  displaced  by  glass  m 

*Anwriycompaot  **' 8hould  be  white- " 

“"XTr,™  v,o,oanic  -<*•  bre°king 

‘  ui  mica.  5  ‘ tals  of  glassy  feldspar,  with  » 
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tinge  of  yellow,  having  a  fine-grained  fracture,  and  be  sound 
,'n,l  uniform,  and  sufficiently  tough  to  bear  the  grinding  and 
polishing  without  danger  of  disintegration.  A  composition 
answering  all  purposes  must  contain  at  least  G5  to  66  per 
cent,  of  copper.  The  specula  made  by  Mudge  contained  from 
32  parts  of  copper  and  16  of  tin  to  32  of  copper  and  14.5  of 
tin.  A  little  tin  is  lost  in  fusion.  It  has  been  frequently 
attempted  to  increase  the  hardness  of  speculum  metal  by 
additions  of  arsenic,  antimony,  and  nickel.  A\  ith  the  exup 
tion  of  nickel  these  additions  have,  however,  an  injurious 
effect,  the  specula  readily  losing  their  high  lustre,  this  bein& 
especially  the  case  with  a  larger  quantity  of  arsenic.  Accoid 
hg  to  Bischoff  a  mirror  composed  of  66.3  per  cent,  coppei, 
&1  tin  and  1.6  arsenic,  which  possessed  a  white  color  and 
excellent  lustre,  after  some  time  suddenly  tarnished  and 
^oie  coated  with  a  green  patina.  Sollitt  claims  that  a 
addition  of  arsenic  during  fusion  prevents  oxidation  of  the 
It  would  seem  that  the  actual  speculum  -metal  is 
tution  of  the  formula  Cu4Sn,  and  has  the  following  cen- 

tesinaal  composition : — 

.  .  .  66.6 

CoPPer .  .  33.4 

Tin .  . 

100.0 


According  to  David  Ross  the  best  the  ]nolten 

tin  58.9.  i.  *•>  atomic  property  stirring 

11  to  the  fused  copper  at  the  °'«*  by  remelting. 

‘^UUy'  and  Se°Uring  ‘  ‘sometimes  separate  when 

the  so-called  tm-spots  wh.c^  ^  ^  ^  similar 

“hiance-bronze  is  income  „  however,  not  a  pure 

'composition  to  speculum  metal,. t  has,  t 
16 
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white  color,  such  as  is  found  in  those  containing  31.5  of  ^  j 
By  increasing  the  content  of  copper,  the  color  shades  r 
ually  into  yellow,  and  with  a  large  content  of  tin  into  blue  I 
It  is  dangerous  to  increase  the  content  of  tin  too  much  a<  I 
besides  the  change  in  color  the  alloy  becomes  brittle  and  can- 1 
not  be  further  worked.  The  following  table  shows  the  com- 1 
position  of  some  alloys  used  for  speculum-metal.  It  may,! 
however,  be  remarked  that  the  standard  alloy  is  undoubtedly  I 
the  best  for  the  purpose  : — 


Parts. 


Copper.  Tin.  Other  metals. 


Standard  alloy . 

Otto’s  . 

Richardson’s . 

Little’s . 

Sollit’s  . .  ’  ’ 

Chinese  speculum  metal  . 
Old  Roman.  .  .  . 


G8.21 

68.5 
65.3 
65 

64.6 
80.83 
63.9 


2  silver. 


4.1  nickel. 
8.5  antimony. 
17.29  lead. 


11 
0.38, 


Other  compositions :  Copper  32,  brass  4,  tin  164,  arsenic 

Copper  32,  tin  15  to  16,  arsenic  2.  Copper  32>  1 

nickel  2. 

According  to  Boedicker,  the  mirror  of  the  celebrated 
telescope,  which  has  a  diameter  of  6  feet  and  weighs  1 
*  is  composed -of  copper  70.24,  tin  29.11,  zinc  || 

010,  lead  0.01,  and  nickel  0.01. 

18  r  >  manu^acture  of  concave  mirrors  an  alloy  oi  (- 
niendcd  '  Z^K  and  iron  10,  has  been  1 

jn  ^  ^  Phosphor-Bronze. 

considered  an  ^  u"*'  °f  the  Word>  phosphor-bronze  «lDl 

C011taining  a  certain  quantity  ot  c' 
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,  •  father  a  bronze  subjected  to  a  peculiar  treatment 
W,  ,t!e  t  of  certain  phosphorus  combination.  Many 
"*nt  phosphor-bronzes  contain  but  a  very  small  quantity 
:;;Lphorus,  which  exerts  no  essential  influence  upon  the 
qualities  of  the  alloy,  the  phosphorus  having  exerted  - 
influence  during  the  preparation  of  the  alloy. 

It  has  previously  been  mentioned  that  bronze  frequently 
contains  a  considerable  quantity  of  cuprous  oxide  in  solution, 
which  is  formed  by  direct  oxidation  of  the  coppei  during 
fusion,  and  that  the  admixture  of  this  oxide  injure,  to  <i  ^ 
extent  the  strength  of  the  alloy.  If  now  the  melted  bronze 
be  treated  with  a  substance  exerting  a  powerful  reducii  g 
action,  as,  for  instance,  phosphorus,  a  complete  reduction 
the  cuprous  oxide  takes  place,  the  pure  bionze  acquiring 
thereby  a  surprisingly  high  degree  of  strength  and  power  ot 
resistance.  If  exactly  the  quantity  of  phosphorus  requiied 
for  the  complete  reduction  of  the  oxide  has  been  u.  c 
phosphorus  will  be  found  in  the  alloy,  hut  the  latter 
nevertheless  be  called  phosphor-bronze.  Hence  it  will  readi  \ 
^  seen  that  phosphor-bronze  is  not  a  special  alloy,  but  t  ia 
every  kind  of  bronze  can  be  converted  into  it.  "W  ith 
of  combinations  of  phosphorus,  phosphor-bronze  is  therefore 

deoxidized  bronze.  .  ,  ,  •, 

Phosphor-bronze  has  long  been  known  to  chemists  u 
valuable  qualities  as  a  material  to  bo  used  in  constmctaon 
were  first  made  known  by  Montefiori-Levi  and  Kunzel  who 
discovered  the  alloy  in  18V!.  Besides  reducing 
dissolved  in  the  alloy,  the  pho^s 

matenal  influence  upon  its  prope^  actaally  forms  the 

consist  of  mixtures  in  "  »c  ^  ci.ystallizing  with  great 

only  crystallized  constitueu  , 
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difficulty,  and  the  alloy  in  consequence  of  this  rii«  •  •, 
dition  of  the  two  metals  is  not  as  solid  as  it  nulH 
constituents  were  crystallized.  The  presence  of  ,,1,,  J  ' 

useful  in  giving  the  tin  a  crystalline  character,  which 

t°  "Hoy  ltself  more  completely  and  strongly  with  the  ^ 
pti,  the  result  being  a  more  homogeneous  mixture. 

If  so  large  a  content  of  phosphorus  be  added  that  it  can  be 
authenticated  in  the  finished  phosphor-bronze,  the  latter  must 
be  considered  as  an  alloy  of  crystallized  phosphor-tin  with 
11  K\  inci easing  the  content  of  phosphorus  still  more,  a 
^  n  copper  also  combines  with  the  phosphorus,  and 

ronze  then  contains,  besides  copper  and  tin,  combina- 
^  crystallized  copper  phosphide  with  phosphide  of  tin. 
e  strength  and  toughness  of  the  bronze  do  not  suffer  by  a 

!bl  incf Hi0n  °f  Ph°sph0rus’  but  hardness  is  consider- 
this  r  s  ase(b  80  that  many  phosphor-bronzes  are  equal  in 
*  to  best  steel,  and  some  even  surpass  it  in 

general  properties. 

is  to  lmo  +u  U*  besf  uiethod  of  making  phosphor-bronze 

m  i  .  mixture  of  u  *-•* 

with  gUm  Water  Parts  charcoal ;  the  whole  ground  «F 
with  it.  Granul  blner  surface  of  the’  crucible  sPiea^ 

f  the  lnixte  °0pper  ls  fben  introduced,  covered  'vltl' 


a  layer  of  the  mixture  and 
At  a  temperature  *uffi  •  bUbjected  to  fusion. 

decomposes  the  bono  1C1GUt  to  me^  the  copper,  the  si 11,1 
fcaloin m\  ash  fCa  f'Prk  \  -1  ,  wllicll 


(calcium)  is  removed  ti  1  ^a»(I>04)2]>  the  base  of 


which 


n  acts  on  the  cupreous  0\  •  i  bberafiug  the  phosphorus 

a,ld  Pur*fying  it.  Tho  ,U  <!,in  the  fused  copper,  deoxidi* 
surt.ee  and  form  a  s,  <><  ucts  of  th(J  reacti  rjse  ,e  ft 

Another,  and  llch  can  bo 


Another,  and  perhaps  C“''  bo  *apped  off. 

l0'St  general,  method  of 


T  r  24o 

COrrER-TIN  ALLO 1  - . 

,  „  k  the  addition  of  phosphor-copper  or  of 

both  of  these  phosphor-metals  being  sometimes 
£  the, me  time.  They  must  be  especially  prepared, 

'he  W  processes  being  briefly  as  follows 
ft'toflff'r  is  prepared  by  heating  a  mixture  of  4  parts 

of  super-phosphate  of  lime,  2  parts  of  granulated  copper,  an 

I  part  of  finely-pulverized  coal  in  a  crucible  at  not  too  ng  i  a 
temperature.  The  melted  phosphor-copper,  which  contains 

II  per  cent,  of  phosphorus,  separates  on  the  bottom  of  the 
crucible. 

According  to  another  method  phosphor-copper  is  piepaie 
by  adding  phosphorus  to  copper-sulphide  solution  and  boil 
ing,  adding  sulphur  as  the  sulphide  is  precipitated, 
precipitate  is  carefully  dried,  melted,  and  cast  into  ingot 
11  hen  of  good  quality  and  in  proper  condition,  it  is  (ll 

Mphor-tin  is  prepared  as  follows:  Place  a  bar 
in  aqueous  solution  of  chloride  of  tin,  colk 
ge-like  tin  separated  and  bring  it  moist  into 
aP°n  the  bottom  of  which  sticks  of  phosphorus  ha 
*1.  Press  the  tin  tightly  into  the  crucible  and  expose  i 
gentle  heat.  Continue  the  heating  until  flames  o  ur 

i  thp  crucible. 

phosphorus  are  no  longer  observec  . . 

Uhe  operation  is  finished,  a  coarsely  crystalline  m >  •  • 

‘lute  color,  consisting  of  pure  phosplior-tin,  is  ou 
bottom  of  the  crucible.  o  narts  of 

hosphor-tin  may  alS°  ^  ^  carton  and  6  parts 

Idrous  phosphoric  acid  vit  P  .stalline  appear- 

The  resulting  alloy  has  a  si  ver  the  evolution  of 

and  dissolves  in  hydrochloric  aci  this  alloy 

•huretted  hydrogen.  According  to  , 


246 


THE  METALLIC  ALLOYS. 


appears  to  possess  the  composition  of  Sn3P0 :  it  me^ 
698°  F. 


Phosphor-bronze  is  prepared  by  melting  the  alloy  tn 
converted  into  it  in  the  usual  manner,  and  adding  small  I 
pieces  of  phosphor-copper  or  phosphor-tin.  For  220  lbs  of  I 
bronze  21  to  24  ozs.  of  phosphor-copper  with  15  per  cent.  I 
phosphorus  are  used. 

Whiting  prepares  phosphor-bronze  wire  by  immersing  the  I 
alloy  in  a  solution  of  0.125  to  5  per  cent,  phosphorus  in  I 
ether,  carbon  disulphide  or  olive  oil,  5  to  10  per  cent,  sul-l 

phuric  acid  and  85  to  95  per  cent,  water,  and  drawing  into  I 
wire. 


Ihe  properties  of  correctly  prepared  phosphor-bronze  areas! 
follows :  Its  melting  point  is  nearly  the  same  as  that  of j 
oidinary  bronze.  In  cooling  it  shows,  however,  the  phenoffl-J 


me 


cnon  of  passing  directly  from  the  liquid  into 
without  first,  becoming  thickly  fluid.  In  a  melted  state « 
etains  a  perfectly  bright  surface,  while  that  of  ordinal} 
aze  *s  ah\ays  covered  with  a  thin  fllni  of  oxide. 

If  Phosphor-bronze  be  subjected  to  continued  melting* 
h*bes  place,  but  the  content  of  phosphorus  decrea-' 

j?  l>rol)erties  of  phosphor-bronze  are  its  extra 

J";  t0Ughness  and  strength.  In  a  cold  state  it  <*n  * 
1  oiled,  stretched  and  hammered. 

louingrtaH  'I  Ki!'k"W-v  Phosphor-bronze  produced  tW  f" 

8  c' ults  bv  physical  tests:— 


Cast  . 
Cast . 
Cast . 


Elastic  Limits. 
Pounds  per 
Square  Inch. 

•  •  •  23.800 

•  •  •  24.700 

•  •  •  16.100 


Tensile  Strength* 
Pounds  per 
Square  Inch. 
52.625 
46.100 
44.44S 
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DRAWN  Metal  (. Phosphor  Bronze ). 


Tensile  Strength. 

Twists  in  5  Inches. 

Elongation. 
Per  cent. 

- — ■  T 

Wire  as  Drawn.  , 
Pounds  per 
Square  Inch.  | 

102.759 

120,957 

120,950 

139,141 

159,515 

151,119 

Annealed. 
Pounds  per 
Square  Inch. 

49,350 

47.787 

53,381 

54,111 

58.853 

64,569 

Wire  as 
Drawn. 

Annealed. 

1  "  1 

6.  < 

22.3 

13.0 

17.3 

13.3 

15.8 

89 

52 

124 

53 

66 

60 

37.5 

34.1 

42.4 

44.9 

46.6 

42.8 

Besides,  as  a  bearing  metal  phosphor-bronze  is  useiu 
arge  number  of  purposes,  such  as  pump-cylinders,  hydiaulic 
iresses,  piston  rings,  eccentric  rings,  etc. ;  also  foi  piopellei 
jlades,  bells,  wire,  screws,  gunpowder  machinery,  tools,  etc. 
Wast  furnaces  are  sometimes  provided  with  phosphor  bi  on ze 
u>  eres,  which  are  said  to  give  most  satisfactory  results. 

1  lie  content  of  phosphorus  varies  according  to  the  puipo-e 
for  which  the  bronze  is  to  be  used,  an  alloy  with  8  to  9  per 
Cent-  tin  containing,  as  a  rule,  n^feover  a  few  tenths  pei  Jent 
Pllfahl  found  in  a  bronze  of  91  per  cent,  copper  and  S.o  tin 
ll0t  over  0.1  per  cent,  phosphorus,  the  remainder  heine  ^  ' 
and  iron.  According  to  Priwoznick  the  content  o  P  1 
BWus  ranges  from  0.17  to  0.76  per  cent.,  but,  accorc  mg  ° 
KiilM  it  may  rise  to  2|  per  cent.,  according  to  the  puipo*  ■ 
for  which  the  bronze  is  intended.  Ledebur  fo^n 
Phosphor-bronze  with  0.004  per  cent,  phosphoim 
cent.  oxygen. 

According  to  Thurston  five  sorts  of  phosphor  bio 

°Osidered  to  answer  all  requirements.  uhos- 

-  ,  9  Tier  cent,  cu  r 

9.  Ordinary  phosphor-bronze  *■’ 

ph0rUS-  ,  9i  ner  cent,  of  phosphorus. 

1.  Good  phosphor-bronze  of  i  1 
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These  two  numbers  are  in  all  cases  superior  to  ordinary 
bronze  and  steel. 

2.  Superior  phosphor-bronze  of  3  per  cent,  of  phos. 

phorus. 

3.  Extra  phosphor-bronze  of  3£  per  cent,  of  phosphorus 

4.  Maximum  phosphor-bronze  of  4  per  cent,  of  phos¬ 

phorus. 

These  three,  according  to  Delalot,  are  superior  to  any  other 
bronzes.  Above  No.  4  phosphor-bronze  is  useless,  below 
No.  0  it  is  inferior  to  common  bronze  and  steel.  Nos.  3 
and  4  are  comparatively  unoxidizable. 

In  the  following  a  few  analyses  of  different  kinds  of 
phosphor-bronzes  are  given  : 


Copper  . .  90.34  90.86  94.71 

Tin .  8.90  8.56  4.39 

Phosphorus . o.76  0.196  0.053 


I. 


Copper. .  .  . 

•  &5.5o 

Tin  .  .  .  . 

.  9.85 

Zinc  .... 

•  3.77 

Lead  .  .  . 

Iron  .... 

•  trace 

Phosphorus  . 

.  0.05 

II. 

III. 

IV. 

— 

— 

77.85 

4-15 

4-15 

11.00 

— 

8-20 

7.65 

4-15 

4-15 

— 

— 

— 

— 

0.5  to  3 

0.25-2 

_ 

V.  VI.  VII.  VIII- 
72.50  73.50  74.50  83.50 
8.00  6.00  11.00  8.00 
17.00  19.00  11-00  3.00 


Xo-  1  for  axle  bearings ;  Nos.  II.  and  III.  for  softer 

ircler  flvlo  _ ..  j 

/III.  for  railroad 

r  loo 


V  ,  vvaiulg»i  IN  OS.  11 

ouei  axle  bearings;  Nos.  IV.  to  VIII.  for  railr 
Poses,  viz. :  No  TV  t  . 

tivpe .  \t  '  *01  distributing  slide  valves  for 

Z  “d  VI.  for  axle  boarings  for  cars ;  *> 

prCs  r,"8  r,°dS;  N°-  VIII.  for  piston  rods  for  hyd 

"dinar,,  brolse,  and  h',  '  ‘°  816  rieher  “  ^ 

On  account  of  it  •  t  ****  m°re  hoi*ogeneous. 
phosphor-bronze  &  0USbness,  density,  elasticity  and  ?tr( 

^  in  many  cases  serve  as  a  substit11 


COPPER-TIN  ALLOYS. 


249 


w|0Ught  iron  and  steel,  especially  in  the  construction  of  arti¬ 
cles  of  complicated  form,  which  require  much  labor,  as  well 
ag  in  the  manufacture  of  wire,  for  instance,  for  non-rusting 
mine  ropes  and  telegraph  wire.  It  is  also  suitable  for  ship¬ 
sheathing,  for  torpedoes  instead  of  welded  steel,  for  caitiidge 
shells,  etc.  According  to  Pufahl,  Hoper’s  phosphor-bronze 
wire  is  composed  of  copper,  95.59  per  cent.;  tin,  3.60;  lead, 
0,50 ;  iron,  0.07  ;  nickel,  0.24  ;  and  phosphorus,  0.37  ;  an  alloy 
from  Iserlohn  was  found  to  contain  copper,  92.12;  tin,  4;  zinc, 
3.69;  lead,  a  trace;  iron,  0.05  ;  nickel,  0.16  ;  and  phosphorus, 
0.06.  The  absolute  strength  of  Hoper’s  cable  rope  is  21 2,- >00 
lbs.  per  square  inch,  and  sheet,  for  instance  for  flap  valves,  is 
said  to  surpass  even  caoutchouc  as  regards  elasticity. 

Bender,  Stockmann  and  Stolzel  give  the  following  anahses 
of  Hoper’s  phosphor-bronze : 


Copper  . 

.  .  90.34 

90.86 

94.70 

93.68 

Tin . 

8.56 

4.39 

5.83 

Zinc . 

— 

— 

0.34 

Phosphorus  .  . 

.  .  0.76 

0.196 

0.053 

0.17 

94.11 

5.15 

0.28 

0.21 


a  nubpnorus  ....  u. /b  v.iw 

II  is  especially  suitable  for  blast  furnace  tu)  ere 

>•  HI  for  bearings.  T  nwoff’s 

Phosphor-lead  bronzes  have  also  been  prepared,  Lavrott  a 

>  i in  4  to  13,  lead 

°aze  containing  copper  70  to  00  per  cei  .,  ■ 

.  i  TTii Vine’s  phosphor-lead 

3  to  16  and  phosphorus  0.5  to  1.  ^ 

onze  contains  according  to  Pufahl,  copper  ,8.01  pci  c 
«  contains,  accoramg  .  ,  n  2a  and  phosphorus 

1 10.63,  lead  10.45,  iron  0.09,  nickel  •  - 

_ rphos.  Shaw,  of  Newark, 

Phosphor-aluminium  bromc  br0nze,  making  the 

•  J.,*  patents  a  phosphor-a  u  ^  aluminium  and 

Mowing  claims :  First,  an  a 

•  u.s.  patent  808,*.^.^- 
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phosphorus,  containing  0.33  to  5  per  cent,  of  aluminium 
0.05  to  1  per  cent,  of  phosphorus,  and  the  remainder  copper 
Second,  its  manufacture  by  melting  a  bath  of  copper,  adding 
to  it  aluminium  in  the  proportions  stated,  the  bath  being 
covered  with  a  layer  of  palm  oil  to  prevent  oxidation,  and 
then  adding  a  small  proportion  of  aluminium. 


Silicon  Bronze. 

Copper  and  silicon,  with  or  without  tin,  may  be  alloyed  to  I 
form  silicon  bronze.  Weiller’s  alloy  is  made  by  the  intro- 
duct-ion  of  sodium  to  reduce  silica  in  the  crucible.  The  in-  I 
ventor  recommends  the  following  proportions  :  Fluo-silicateof  I 
potash  450  parts  by  weight,  glass  in  powder  GOO,  chloride  oi  I 


sodium  2o0,  carbonate  of  soda  75,  carbonate  of  lime  GO,  ant 
dried  chloride  of  calcium  500.  The  mixture  of  these  sub¬ 
stances  is  heated  in  a  plumbago  retort  to  a  temperature  a 
little  below  the  point  when  they  begin  to  react  on  one 
another,  and  it  is  then  placed  in  a  copper  or  bronze  batl 
en  the  combination  of  silicon  takes  place. 

con  acts  upon  copper  in  almost  exactly  the  same  an 
““  f  l'hosPh°™s  does,  except  that  it  appears  to  be  a  »<”* 
!'U°y’  and  a  or  reducing  agent  to  the  oxide  0 
tion  a,  rVS  PrOdU0ed  wl>eu  copper  is  in  a  melted 

in  clarifying.  *** 

respect  it  i,  m  re"gtheumg  copper  and  its  alloys.  ■“ 

t.,c  «rtrrous  and 

are  great  strength  a  ^art*cularly  recommend  silicon-^11  ^ 
and  resistance  to  con  °U^ness,  high  electrical  conduct  ^ 
best  metal  extant  for  *f°U’  ^  is>  therefore,  logic®^* 

"ire.  It  can  he  ®  ectri«-light,  telephone  and  tel<Sril 

possess  two  or  three  t^f^r  than  steel,  and  yet  * 

®  COnductivity. 
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Tlie  specimens  of  silicon-bronze  wire  for  telegraph 
,1  had  a  conductivity  of  97  per  cent,  and  a  resistance 
| "Lb.  of  about  28J  tons  to  the  square  inch ;  that  to. 
telephone  purposes  having  a  conductivity  of  32  per  cent,  and 
a  resistance  to  rupture  of  471  tons  to  the  square  inch. 

Quite  recently  there  has  been  developed  a  new  type  of 
telegraph  wire,  possessing  less  conductivity  than  the  formei, 
but  having  considerably  higher  tensile  strength,  which  allows 

the  wire  to  be  more  tightly  stretched,  while  the  posts  ma\  he 

placed  at  a  greater  distance  apart.  This  wire  has  a  con 
ductivitv  of  80  per  cent,  and  a  tensile  strength  varying  trom 
•n  to  37  tons  to  the  square  inch.  At  the  same  time  the 
character  of  the  telephone  wire  has  also  been  changed,  raising 
its  conductivity  to  42  per  cent,  and  its  tensile  strengt  i  o  ->- 
t"us.  These  wires  are  almost  exclusively  used  loi  telepho 
lin<*  at  Prague,  Trieste,  Lemberg,  and  other  European  cities. 
4  he  line  at  Trieste,  in  particular,  has  stood  the  test  ot  \ Iole11* 
storms  completely,  which  is  due  to  the  small  diametei 
conductor.  A  similar  experience  has  been  made 
^ here,  in  one  case,  a  line  having  a  span  of  moit 
thousand  feet  was  exposed  to  the  action  of  the  wind  >  oin  * 
directly  across  it.  ^  estab- 

power  of  resisting  snow  has  been  cclua  •  tpe 

JShed-  Thus,  on  an  Austrian  railway  ^ tho 
ead  of  the  telegraph  department  Peis0*  folioWed  by  a 
"lres  during  a  violent  storm  of  damp  ffroand  at  a 

SH  frost,  at  a  point  where  the  line  crosses^  ^  ^  wdl 

height  of  about  2,000  feet  above  the  more  than  usual. 

°°Vered  with  snow  and  sagged  co1^^  \y[re  the  snow  was  de- 
Iu  several  instances  by  shaking  t  e  assumed  their 

bached,  when  the  conductors 
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normal  deflections  after  the  snow  had  melted.  The  Austria, 
railway  company  above  mentioned  has  numerous  linos  on 
which  the  distance  between  posts  varies  from  328  to  720  feet 
across  flat  country  ;  in  hilly  districts  the  distance  ranges  from 
160  to  500  feet. 


During  the  last  few  years  the  “  Italian  General  Telephone 
Company  ”  has  employed  these  silicon-bronze  wires  with 
spans  as  large  as  one  thousand  feet  without  any  accident  hav¬ 
ing  occurred.  In  Vienna  telephone  posts  are  frequently 
placed  at  the  same  distance  apart,  and  carry  as  many  as  78 
parallel  wires. 

Silicon-bronze  telegraph  wire  (I)  and  silicon-bronze  tele¬ 
phone  wire  (II)  ot  Weiller’s  patent  silicon-bronze  contain, 
according  to  Hampe : 


I.  II. 

C°M>er .  99.94  97.12 

Tin .  0.03  1.14 

^ron . trace  trace 

Zinc .  _  1.62 

SiUcon . ‘  0.02  0-05 


following  compositions  of  silicon-bronze  may  h 

recommended : 


Copper  .  . 

Tin . 

Zinc  .  . 
Silicon  . 


Strength  of  the 
inch,  extension  46 

pins  3  inches  thick 
inch  thick. 


I. 

97.12 

1.14 

1.10 

0.05 


II. 

97.37 

1.32 

1.27 

0.07 


nbove  alloys,  600  lbs.  per  0.001  *lual* 
per  cent.,  contraction  86  per  cent-  <-a  ^ 
coulrt  be  readily  reduced  by  rolling  t0 


.  cs- — \  an  dcr  Yen*  ha; 

Te.>  lor,  and  Electrotech.  Zeitsch.,  1883 
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careful  investigation  on  wires  of  phosphor-bronze  and 
ilie< in-bronze.  The  wires  experimented  with  contained,  ac¬ 
cording  to  chemical  analysis  made  for  him  by  M.  Van 
Evndhoven,  in  the  case  of  the  phosphor-bronze  :  Copper  95.5 
percent,,  phosphorus  2.6  per  cent.,  with  small  quantities  of 
tin,  manganese,  and  silicic  acid  ;  in  the  silicon  bronze  :  Cop¬ 
per  92.2  per  cent. ,  silicium  0.91  per  cent.,  together  with  small 
quantities  of  tin,  manganese,  and  antimony. 

The  practical  results  of  Dr.  Van  der  Yen’s  researches  are 
that  phosphor-bronze  has  about  30  per  cent,  of  the  conducting 
power  of  copper,  silicon-bronze  about  70,  while  steel  as  used 
in  wires  has  only  about  10.5  per  cent.  Comparing  their 
tenacity,  as  also  very  carefully  determined  by  him,  with  that 
°t  steel,  he  finds  that  a  wire  of  the  latter  material,  of  2  milli¬ 
metres  diameter,  with  quadruple  security  and  the  conven- 
honal  sag  of  0.7  millimetre,  can  have  a  stretch  from  pole  to 
Pole  of  130  metres,  while  the  stretch,  under  the  same  condi- 
tlons>  of  a  wire  1  millimetre  in  diameter  would  for  phosphor- 


onze  be  10&  metres,  for  silicon-bronze  01  metres.  These 

l°ys,  with  a  diameter  of  1.18,  and  of  0.i7  millimetres  re 

lively,  have  the  same  electrical  resistance  as  the  steel  wire 

~  millimetres  resistance.  The  relatively  shoit 

hich  in  general  increases  the  expense  of  construction 

‘nintenance,  is  less  costly  in  cities,  where  at  short  distances 

16  roofs  of  buildings  offer  points  of  suspensron  fin  te  ep  one 

1res-  It  is  thus  self-evident  that  the  bronze  wires  arc  pre 

*able  to  those  of  steel,  whose  resistance  demands  a  much 

,,  r.nf.wnrk  of  lines  suspended 

u‘ger  section ;  the  more,  since  the 

„  +l  ’  .  ,  ornnnsr  the  ornaments  ot  a  large 

j.  he  a“'  cannot  be  COUn 7  ddej  the  statements  made  by 

1  Bede  at  rParis  Electrica.  Congress,  concern.ng  the 
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practicability  of  the  use  of  phosphor-bronze  wire  a 

iM  *  phos* 

phor-bronze  wire  of  0.8  millimetre  (costing,  too.  the  sanie 
steel  of  0.2  mm.)  would,  on  account  of  its  high  elasticity  coj] 
up,  before  it  has  fallen  4  metres  from  its  original  position  so 
rapidly  that  on  breaking  it  would  ordinarily  not  strike  the 
ground,  and  hence  would  be  less  dangerous.  On  account  of 
non-oxidation  there  is  no  loss  of  diameter. 

Statue-Bronze. 

For  casting  statues  the  actual  bronze  may  be  advantage¬ 
ously  used,  and  many  antique  statues  are  composed  of  this 
material.  But  in  modern  times  a  mixture  of  metals  is 
used,  which  besides  copper  and  tin — the  constituents  of  actual 
bronze  contains  a  quantity  of  zinc,  the  alloy  thus  formed 
being  actually  an  intermediary  between  genuine  bronze  and 
biasfe.  The  reason  for  the  use  of  such  mixtures  must  par¬ 
tially  be  sought  in  their  cheapness  as  compared  with  genuine 
bronze,  and  partially  in  the  purpose  for  which  the  metal  is  to 
be  used.  A  statuary  bronze  which  thoroughly  answers  the 
purpose  must  become  thinly  fluid  in  fusing,  fill  the  moulds 
sharply,  allow  of  being  readily  worked  with  the  file.  and 
must  acquire  a  beautiful  green  color-the  patina-on  expos¬ 
ure  to  the  air  for  a  short  time. 

cornel!  m  aCtUUl  br°nZe’  even  if  highly  heated,  does  not  1'^' 

~f?r  yvflUid  t0  lately  fill  out  the  moulds,  and 

with  difficulty  '  *advantaSe  of  yielding  homogeneous  castn# 
io,i™  n.  1  ■ .  Brass  hy  itself  is  also  too  thickly-fluid,  «n< 

ending  °f 


lacks  the  reonicif  f  * 

those  parts  which  havet"^,  ‘°  the  fine  “ 

ah —  •  een  left  imperfect  in  casting 


Alloys _ 

ever,  be  so  prepared  ^n>  besides  copper,  can,  h°' 

yield  fine  castino-s  \M  Ble*v  become  very  thinly-fluid,  al 
88  »a„  be  readUy  worked  with  the  » 
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i:m1o  seem  to  bo  ft  con- 
,  'fbe  most  suitable  P10P  tjn  0f  from 

**'  .  i  ft  to  18  per  cent,  and  one  o 

.„i„coffw®10t°  .  ,  „  statuary  bronze  is  a 


Jtl 


»"',i”COttTi  regard  to  hardness,  statuary  bronze  is  a 
Ml*'*1’*-  Aronze  and  brass,  it  being  harder  and 


.^former.  ,  .  fl  used  for  artistic  purposes,  its 

iatoarj  bronze  being  -  variations  in  the 

h  -  *  ^  however  be  always  kept 

intent  of  tin  or  zinc,  which  mus  ,  ahaded  from 

««.  the  indicated  limits,  the  eo  or  m  ^  content  of 

tinge-yellow  to  pale  yellow.  w  chisel,  a„d  by 

« the  alloy  becomes  brittle  and  i  coior  is  lost, 

acreasing  the  content  of  zinc  the  ns  aim  0  ,^r  a  ftne 

nd  the  bronze  does  not  acquire,  on  exposu 


lough  the  alloys  best  adapted  for  stdtue®  ^  thftt  roany 
’n  at  the  present  time,  it  happens  som  ‘  ^  qqieir  color 

■  castings  do  not  exhibit  the  right  qua  ^  ,enutiful  patina, 
ther  defective,  or  they  do  not  acquire  <■  ^  either  to 

re  difficult  to  chisel.  These  e^ils  ^  tPe  alloy  in 

use  of  impure  metals  or  to  the  tiea  ^  r/^nC  there  is  a 
thig.  On  account  of  the  large  con  ^  ^  ^  with  the  most 
dderable  loss  in  melting,  amountir  g  ^me^mcs  reaching 
&1  work  to  at  least  3  per  cent.,  am  *  ce  of  this  loss 
Per  cent,  and  it  is  evident  that  in  composition  from 

alloy  will  show  an  entirely  ^  ntity  of  metal  use 
at  it  should  have  according 

its  preparation.  ntioned  above,  quick  y 

the  color  of  the  alloys,  as  The  following 

anges  by  variations  in  the'r ^  <lifferent  colors  suitnb  c 
ble  gives  a  series  of  all°. 
ffiiary  bronze : — 
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Copper 


84.42 

84.00 

88.05 

83.00 

81.05 

81.00 

78.09 

73.58 

73.00 

70.30 

70.00 

65.95 


11.28 

11.00 

33.03 

12.00 

15.32 

15.00 

18.47 

23.27 

23.00 

20.88 

27.00 

31.56 


r<%ellow 

orange-redi' 


orange-yellow: 


pale  orange, 
pale  yellow. 


( 


il 

ll 


JTtf  *°  d’Areet  the  best  bronze  for  statues  aftj 

4L’l64  PTtS;  ZiUC’,.  17-2;  tin’  2-9;  and  J 

In  tv.  f  Pa*  S  ’  Z  nC’  ':l('  >  tln>  ^ ;  and  lead,  3.  I 

few  celebrated°Itatuestable  "  iU  **  f°Und  th®  comPosition  o( 


Copper, 


91.40 

8<M)2 

82.45 

83 

75 


89.2 


91.5 

84.2 


89.55 


"iaS’aan,- as 

I - 89  09 

. •.^■Ntirnl  7’-74 


34 

20 


0.5 


5.5 

11.5 


7.46 


9.72 

5.3 


9.5 

1.28 

1.63 

2.35 


1.(41 


8,89 

iS.GH 


88.r, 


c.  Tin. 

|  Lead. 

Iron. 

Nickel. 

5  1.70 

i~ 

_ _ 

o  5.70 

0.48 

— 

- 

0  4.10 

3.15 

— 

— 

2 

1 

— 

— 

2 

2 

— 

10.2 

0.1 

— 

- 

1.7 

1.3 

% 

- 

3.55 

0.75 

2.99 

— 

— 

- 

1.40 

~ 

—  ' 

4.6 

— 

1.4 

0.7 

_ 

— 

9.20 

0.77 

— 

7.50 

1.21 

0.18 

A  o? 

6.16 

1.33 

" 

0.-' 

5.82 

2.62 

0.13 

0.11 

3.20 

0.65 

— 

- 

1  0.14 

0.16 

— 

2.37 

0.91 

— 

5.2 

4.5 

_ 

— 
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Melting  and  casting  statuary  bronze. — On  account  of  the 
oxidability  of  the  bronze  used  for  statues,  certain  precautions 
have  to  be  observed  in  melting  in  order  to  reduce  the  loss  to  a 
minimum.  Crucibles  are  used  for  melting  small  quantities, 
but  reverberatory  furnaces  for  casting  large  statues. 

Figs.  16  and  17  exhibit  a  furnace  used  in  the  Royal 
foundry  at  Munich.  The  charge  is  27,500  lbs.  Fig.  16 
shows  the  section  in  the  direction  of  x  x,  and  Fig.  17  in  the 
direction  of  y  y.  A  is  the  grate,  b  the  hearth,  c  the  tap  hole, 


Fig.  16. 


''  are  air  channels  in  the  external  wall  for  carrying  off  the 
Inducts  of  combustion,  e  is  the  foundry-pit,  /  stoke  channel, 

*  charging  holes. 


The  operation  is  commenced  by  heating  the  furnace  to  a 


tod  heat,  and  then  quickly  introducing  the  copper.  1  he 
,at‘cr  being  melted,  it  is  covered  with  a  layer  of  coal  and  the 
P^viously-heated  sine  added.  Immediately  after  the  intro¬ 
duction  of  the  latter  the  tin  is  added,  and  the  fused  mass 
17 
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s 

/ 


/ 


frequently  stirred  with  wooden  poles  in  order  to  prevent  1JV 
the  products  of  distillation  evolved  from  the  wood,  the  oxida 
tion  of  the  metals,  and  to  promote  the  homogeneity  of  the 
allov. 

t / 

Before  using  the  metal  for  casting,  many  founders  draw  it 
in  a  very  thinly  fluid  state  into  a  pan  or  kettle  standing  in 
front  of  the  tap-hole,  and  allow  it  to  stand  for  some  time  in 
order  to  separate  on  the  surface  any  oxide  still  contained  in 
the  alloy,  which  otherwise  would  injure  the  purity  of  the 
casting.  After  the  layer  of  oxide  is  removed,  the  clav-plug 
closing  the  discharge-aperture  in  the  bottom  of  the  pan  is  re¬ 
moved,  and  the  metal  allowed  to  run  into  the  mould  placed  in 
the  pit  directly  in  front  of  the  furnace. 

Loam-moulds  can  only  be  used  for  large  castings)  and 
being  impossible  to  previously  heat  them,  the  fused  metal 
introduced  from  below  and  gradually  rises  to  the  top-  ^ 
it  runs  from  the  apertures  in  the  top  of  the  mould  and  f 
the  vent-holes,  the  mould  has  been  successfully  filled. 

dhe  following  table*  is  a  list  of  about  140  different  >  ^ 
of  copper  and  tin,  giving  some  of  their  mechanical  an  1 
sical  properties : _ 


t 


1 

I 


l 


\ 


I 


•P^PMed  originally  for  United  States  Board 
Metallic  Alio,,.  Beport,  Vol.  I.  18T9,  „  390. 
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list  of  authorities. 

.  £«i.  el  Recherche*,  Chimiques ,  Paris,  1869,  pp.  345,  348. 

Bonn’s  Journal ,  XLV.  1848,  pp.  87  to  93. 
i\j.--Calvert  and  Johnson.  Spec®*  Gravities,  Phil.  Mag.,  1859.  '  <*■ 

IS, pp.  354  to  359 ;  Hardness ,  Phil.  Mag.,  18o9,  \  ol.  1  0  PP* 

121 ;  Heat  Conductivity ,  Phil.  Trans.,  1858,  pp.  349  to  368. 

De.-S. B.  Dean.  Ordnance  Notes ,  No.  XL.,  AN  ashington,  1875. 
k-Lafond.  Dingier1  s  Jour.,  1855,  \7ol.  135,  p.  -69. 

Wallet.  Phil.  Mag.,  1842,  ATol.  21,  pp.  66  to  68. 

Ma-Matthiessen.  Phil.  Trans.,  1860,  p.  161;  ibid.,  1864,  pp.  167  to-00. 
Mar.-Marchaud  and  Scheerer.  Journal  flier  Praktische  Cliemie,  A  ol. 

27, p.  193  (Clark’s  “  Constants  of  Nature'1). 

Mis.-Muschenbroek.  Ure's  Dictionary,  article  “  Alloy. 

Bi-Riche.  Annales  de  Chimie,  1873,  Vol.  20,  pp.  351  to  419. 

1  • S*  B .-Report  of  Committee  on  Metallic  Alloys  of  United  States 
Board  appointed  to  Test  Iron,  Steel,  etc. 

^  Tll°ma8  Tomson.  Annales  de  Chimie,  1814,  A  ol.  89,  pp.  46  to 
^  att’s  Dictionary  of  Chemistry. 

a— Major  Wade,  United  States  Army.  Report  on  Experiments  on 
for  Cannon ,  Phil.,  1856. 

""^eidemann.  Phil.  Mag.,  1860,  ATol.  19,  pp.  243,  244. 

on  the  table.— In  the  preceding  table  the  figures  of 
'"1(-r  of  ductility,  hardness,  and  fusibility  are  taken  fiom 
*  8  experiments  on  a  series  of  16  alloys,  the  figure  1 

the  maximum  and  16  the  minimum  of  the  Prol)Clt}  * 
10  ductility  of  the  brittle  metals  is  represented  by  -  a 

48  0. 

The  relative  ductility  given  in  the  table  of  the  all°)  s  ex 

>tea  on  by  the  U  S.  Board  is  the  proportionaie  e.ten- 

"J1'  of  the  exterior  fibres  of  the  pieces  tested  >  < 

Shined  by  the  autograph  strain  diagrams.  *  w.l 
ltc'n  that  the  order  of  ductility  differs  widely  lom 
Pallet. 


The 


figu 


res 


Of  relative  hardness,  on  the  authority  of  Calvert 
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and  Johnson,  are  those  obtained  by  them  hv  ™ 

j  om  u\  means  of  an  ■ 

denting  tool.  The  figures  are  on  a  scale  in  which  CaSf  * 

rated  at  1000.  The  word  “broke”  in  this  column 

the  fact  that  the  alloy  opposite  which  it  occurs  broke  ^1 

the  indenting  tool,  showing  that  the  relative  hardness  did 

not  be  measured,  but  was  considerably  greater  than  that  of 
cast-iron. 

The  figures  of  specific  gravity  show  a  fair  agreement  among 
the  several  authorities  in  the  alloys  containing  more  than  35 
per  cent,  of  tin,  except  those  given  by  Mallet,  which  are  in 
general  very  much  lower  than  those  by  all  other  authorities. 
In  the  alloys  containing  less  than  35  per  cent,  of  tin  there  is 
a  wide  \aiiation  among  all  the  different  authorities,  Mallet’s 
figures,  however,  being  generally  lower  than  the  others. 
»Se\  eial  of  the  figures  of  specific  gravity  have  been  selected 
om  Riche  s  results  of  experiments  on  the  effects  of  annealing) 
npering,  and  compression,  which  show  that  the  hher 
especially  tends  to  increase  the  specific  gravity  of  all  the 
a  ms  containing  less  than  20  per  cent,  tin  to  about  8.95. 
ii  ,.  .  merely  to  the  closing  up  of  the  blow -hoh  • 

r:ri,Shlng  th®  The  specific  gravity  of  S'1" 

iron  mould  Y  Maj°r  Wad®  by  casting  a  sma11  b<"'  “  *  1 

gravity  o“  oniyTsig'  rme  ***«****•'£ 

a  clay  mould.  The'fc  "  fOTm  ** 

indicates  tho  rmer  result  is  exceptionally  big  > 

ing,  pourioo  abi%  that  every  circumstance  of  tbe»* 

elusion  of  the  p-  "  an(^  c°oling  was  favorable  to  the  • 
of  Perfectly  conf  "  ^  f°rms  bl<>w-holes  and  to  the  forma*1011 

m'd  Wada  agree  whlTtl  S‘'’en  by  MaIlet’  Muscbeob'*  ^ 

t  l0se  found  in  the  expend11  5 


I 


I 


i 
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,  vr,ected  from  the  very  variable  strengths 
, could be  exl  ,  .  i  Knon  found  by 


*bich ,ound  br 

jBperinienters.  tons  or  55,104  pounds,  is 

0(S  'lg“,Ct0o  high  for  cast  copper ;  the  piece  which  he 
**  W"  b  bly  Jed  or  perhaps  drawn  into  wire.  Has- 
^JkeHlook  gives  the  following  as  the  tensile  strength 
.  ■  copper ;  the  names  of  the  authorities  are  not  gu  en 


Pounds  per 


Copiier,  wrought  .  •  •  • 

Copper,  rolled . 

Copper,  cast  (American) 

Copper,  wire . 

Copper,  bolt . 


.  .  34,000 
.  .  86,000 
.  .  24,250 
.  .  .  61,200 
.  .  .  36,800 


The  strength  of  gun-bronze,  as  found  in  the  0u  >  .  ^ 

given  in  the  table,  which  is  designed  to  conipaie  the 
mthorities  on  the  tenacities  of  the  alloys  onl}  a.  ^ 

binary  conditions,  and  not  when  compressed,  r0  e 


uhder  pressure. 


CHAPTER  VIII. 


NICKEL  ALLOYS. 


Although  nickel  in  a  pure  state  and  as  a  distinct  metal 
has  been  known  only  for  a  comparatively  short  time  in 
many  localities  it  has  for  many  years  been  indirectly  used  in 
the  preparation  of  alloys.  As  far  back  as  the  seventeenth 
century,  alloys  were  brought  to  Europe  from  China  which 


were  distinguished  by  quite  a  white  color  and  considerable 
hardness,  and  were  known  by  various  names.  The  actual 
Chinese  name — packfong  or  pack  tong — of  this  alloy  means 
white  copper.  Engstrbm,  in  1776,  found  it  to  consist  of 
copper  40.5,  zinc  44.3,  and  nickel  15.2,  while  the  analysis  of 


a  specimen  by  Fyfe,  in  1822,  gave  copper  41.0,  zinc  26.5, 
nickel  8,  and  iron  2.7.  The  alloy  is  probably  prepared  by 
the  Chinese  in  a  manner  similar  to  that  in  which  brass  was 
made  in  Europe,  before  zinc  in  a  metallic  state  was  known, 


llel)  >  b)  fusing  copper  with  nickeliferous  minerals. 

As  far  back  as  1770,  a  similar  white  alloy,  known  as  Sul 
copper,  v  as  prepared  in  Europe  from  white  inetalli 
grams  obtained  by  crushing  and  washing  old  slag.  Accor* 

;^g  to  Brandes  (1823)  thege  graing  congisted  of  copped 

*  J_*lon’  sd*ca  and  alumina  1.75,  and  antimony  dE 

which11  '75'  ^  a<Ic]illg  zinc  and  tin  an  alloy  was  obtain 

according 'P!'rs  and  ^-mountings,  and  conja^ 

and  tin  2.6.  C°Pper  40-4>  zinc  25A’  nickd  ”, , 

*  ccording  to  Frick,  the  alloy,  whose  conteo 

(  268  ) 
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.  ,  and  the  white  color  dependent  thereon  was  estabhshed 
' ^contained  copper  11  parts,  zinc  7*.  and  nrckel  1. 

:  the  society  for  promoting  industry  in  Prussia  offered 

jpriie  for  the  invention  of  an  alloy  which,  while  similar  m 
inMiraiice  to  silver,  should  cost  no  more  than  *  the  pnce 
le  latter,  and  be  suitable  for  culinary  and  table  purposes. 

In  1824,  such  an  alloy  was  prepared  almost  simultaneous  y 
by  Henniger  Bros,  of  Berlin,  and  Dr.  Geitner,  of  Schneeberg. 

The  latter  called  liis  alloy  argentan ,  and  prepared  it  at  hist 
from  cobalt  speiss  (on  an  average  with  49  nickel,  37  arse 
*  sulphur,  besides  iron  and  other  metals),  the  lesult  bcii 
that  the  composition  of  the  alloy  was  not  always  con.  ta 
Henniger  Bros,  called  their  alloy  “  Neusilber  (ntu  sil\  ) 
Later  on  the  alloy  was  prepared  only  from  copper,  zinc 
Metallic  nickel,  and  it  was  soon  introduced  in  1  ranee 
the  names  of  Maillechort  (called  thus  after  the  tirst  manu 
faeturers,  Maillet  and  Chorier),  argent  cV  Allemagne, 

‘'""viand,  argent  neuf,  and  in  England  nuclei  the  nam 
‘  ’ver. 

ienna  the  alloy  has  been  prepared  since  1*24  and  c\a. 

alpaka,  in  Paris,  alfenide,  while  the  Chinese 

ag  has  been  retained  for  inferior  qualities  p  . 

d  and  containing  other  metals.  Articles  quite  »  « 

^plated  were  introduced  in  1840,  and 

silver  or  Christophle  metal  entioned  alloy, 

Wording  to  other  statements  10  r  cent. 

i  *  thc  utmost  lo  pei  cent. 

Wn  a*  Maillechort,  contains  at  ^  nickel>  con. 

Ce1,  and  all°ys  which  beSU  f  C°nPtLony)  to  obtain  greater 
1  ether  metals  (tin,  bismut  i,  an  silvering 

' -ity  and  a  more  beautiful  color,  are  kuoui 

packfong,  etc. 


n  silver 
tn\ 
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NickeUcopper  alloys.— Nickel  and  copper  unite  • 
range  of  proportions,  the  color  of  the  alloys  va  ”  *  ** 
copper-red  to  the  blue-white  of  the  nickel,  accord  t  ^ 
proportions  of  the  respective  metals.  With  a  content*  ^ 
per  cent,  nickel  the  alloy  is  very  ductile,  of  a  light  coppery 
color,  and  moderate  strength;  with  0.15  per  cent.,  the  dnctilit, 
is  still  considerable,  while  the  color  changes  to  a  very  pa!e 
red  ;  a  content  of  0.25  per  cent,  of  nickel  gives  a  nearly  white 
alloy,  and  0.20  per  cent.,  a  silver-white  metal.  The  beautifnl 


vhite  color  and  considerable  hardness  acquired  by  copper  bj 
an  addition  of  nickel  make  the  allov  especially  suitable  foi 
coinage,  and  it  is  used  for  this  purpose  in  Switzerland,  Bel 
gnun,  and  the  United  States.  Both  the  Belgian  and  tb< 
h  nited  States  coins  now  contain  copper  75,  nickel  25.  The 
modern  small  coins  of  Switzerland,  France,  Sweden,  Den' 
>  England  and  Belgium,  contain  a  small  addition  of  tin 
n°’  an<^  those  of  Italy  only  of  tin.  Chilian  coins  are 
composed,  since  1872,  of  copper  70,  nickel  20,  zinc  10. 

limited  tv.^  a^°"S  consisting  of  copper  and  nickel  alone  f 

more  frequrtlv°nS1StiDg  °f  C°Pper’  nickeI'  and  ] 

a'loy  of  nickel  e“Pl°yed'  Morfit  PrePar<?s  a  1)61011  , 

34  parts  f  <UK  C0PPer  by  mixing  33  parts  of  nickel  an 

crucible.  Ur  W'th  S°me  borax>  and  fusing  in  a  grapti“ 

33  parts  more  mass  he  adds  with  constant  stiiOno 

small  sticks.  CoPper,  and  casts  the  resulting  all°} 


ickel  0. 


Berthier’s  alloy  Con  • 

It  is  fusible,  ductile  **  COPPer  0-682  parts,  ni 
and  somewhat  crystalr^’  bluish-white,  slightly  mg' 
Ingot-iron  sheet,  the  surface. 

C°Pper  80  and  nick  i  t  011  both  sides  with  an  alio 
cartridge  sheik  2°>  *rv*  for  the  manufactur 
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,ine  t0  Vivian,  copper  sheet  with  1  to  3  per  cent. 

.  “  be  rolled  hot  and  is  stronger  and  tougher  than 
i  A„  *,  *itb  50  »  00  p»  e«nt. 

nickel  is  used  in  watch  factories,  but  otherwise  serves  only  as 

a  raw  material  for  other  alloys. 

Kiinzel  and  Montefiore-Levy  endeavored  m  vain  to  pro¬ 
duce  a  nickel-copper  alloy  not  subject  to  liquation,  and 
which,  with  the  same  or  greater  degree  of  hardness  wou 
possess  greater  elasticity,  more  absolute  stiength  and  tough 
ness  than  ordinary  gun-metal.  With  a  content  of  up  to 
per  cent,  nickel  and  90  per  cent,  copper,  these  allots  did 
possess  the  required  hardness,  while  with  o\ei  10  pci  cent, 
nickel  the  castings  obtained  were  porous,  because  such  com¬ 
binations  richer  in  nickel  absorb  in  tusing  huge  quant itic 
°xygen  which  becomes  free  in  cooling.  lhh  ah 0 
fcason  for  the  difficulty  encountered  in  making  nickel 
of  copper  75,  nickel  25,  the  alloy  adopted  by  Belgium,  Gei- 
and  the  United  States.  By  an  addition  of  aluminium 
or  Phosphor-copper,  dense  castings  may  be  obtaine 
moulds.  While  large  cavities  formed  in  consequence  o  oo 
a  temperature  in  casting  or  incorrect  cooling  general^ 

-  useless  eastings,  smaller  cavities  distributed  throughout 
entire  mass  disappear  by  rolling  and  stamping,  a 

10  disadvantage.  the  mixtures 

f«c*etco pper-zinc  alloy These  a  <>J  (  meu/, 

-eta,  known  as  German  J*  which, 

Hiey  may  m  a  measure  >e  color  and 

Ml  addition  of  nickel,  has  acquired 

^iderable  hardness.  pver  is  superior  to  brass  as 

Generally  speaking,  German  s:  ^  of  resisting  chemical 
sOrds  hardness,  strength, 


influences,  the  latter  property  making  it  especially  v 
for  certain  purposes.  In  respect  to  its  preparation  itTh 
ever,  a  very  subtle  mixture,  and  exceedingly  small  ’ 

ties  of  foreiSn  metals  exert  a  considerable  influence  upon  th, 
physical  properties  of  the  alloy. 

A  content  of  arsenic  is  most  injurious  in  this  respect, 
hven  a  very  small  percentage  of  it  renders  the  alloy  so  brittle 
that  it  can  scarcely  be  worked,  and  in  a  short  time  changes 
its  color  to  brownish. 

A  considerable  portion  of  nickel  is  obtained  from  an  ore 
known  as  copper-nickel  or  arsenical  nickel  and  from  certain 
cobalt  ores.  Both  ores,  however,  always  contain  considerable 
quantities  of  arsenic,  which  it  is  impossible  to  remove  en¬ 
tirely  by  the  ordinary  mode  of  smelting.  This  content  of 
arsenic  prevented  for  a  long  time  the  general  introduction  of 
ckel  alloys  in  practice,  and  it  became  necessary  entiidj 
abandon  the  method  of  preparing  nickel  by  the  dry  lliet^ 
t  1S  now  PrePared  by  the  wet  method,  in  order  to  obta® 
protoxide  of  nickel  entirely  free  from  arsenic.  I’11"  ^ 

W  A*  theu  made  int0  small  cubes  with  starch-pf*  ““ 
reduced^  d 'ery  hlgl1  temI>erature.  By  this  treatim'"1 

form  of  a  ouu^,1’ th<5  pure  nickel  remaining  beln"''  n0t 
fosed,  but  slA,""8®  metallic  sponge,  which  is, 
ver.v  difficult  to  f  agge<J’  niekel  belonging  to  ' 10  for 
making  alloys  it  ^  may  here  be  mentioned  1  ^ 

compact  fUsed  ^  really  better  to  have  the  nickel  n°' 
combining  with  ^  but  in  the  form  of  a  sponge,  t,u' 
Nickel  oros  are  *|er  ease  with  the  other  metals.  „a 

fl^pwifarsoui  J*°  ^Uced  by  fluxing  with  ^ 

""'M'  u"'1  sulphur  t*  l,V  roastin&  and  then  rodu1’1"'  b). 

state  of  sulphide,  and  1'1 


s!l 

d 

latter 
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,  tHe  decomposition  with  carbonate  of  soda  obtaining  the 
'  rU,oate,  which  is  finally  reduced  with  charcoal. 

&Mand  cobalt  are  closely  allied  as  regards  their  chem- 
„|  properties  and  frequently  occur  together,  so  that  the 
yckel  found  in  commerce  often  contains  a  considerab  e 
quantity  of  cobalt,  which  passes  into  the  alloy  without,  how¬ 
ever.  exerting  an  injurious  influence.  1  he  same  may  be 
said  of  iron,  also  chemically  closely  allied  to  nickel,  a  con 
tent  of  it  even  increasing  the  tenacity  and  hardness  of  the 
nickel  alloys  and  imparting  to  them  a  whiter  cold.  l>ut,  on 
to  other  hand,  it  makes  them  more  difficult  to  work,  and 
Anders  them  somewhat  brittle.  The  genuine  packfon^,, 

°nginal  nickel  alloy  introduced  from  China,  contains  some- 
‘u^  as  much  as  three  per  cent,  of  iron.  European 
faeturers  also  frequently  add  a  small  quantity  oi  iron  to 
Vnaan  silver,  if  a  high  degree  of  hardness  is  required  toi 

,'rtam  purposes. 

013[le  skill  is,  however,  required  to  eflect  an  actu 
r;ition  of  the  alloy  with  the  iron.  By  adding  t  ie  n-o 
jlrectly  ‘o  the  fused  alloy  it  does  not  combine  «  rt  1  >  ^ 

’ri'1-  opon  the  surface  of  the  fused  mass  a  layer  c°nj'*  ^ 

Vr,  nickel,  and  the  added  iron.  An  alloy  °  d 

^dissolves,  however,  readily  in  by 

'  ‘"‘imate  union  of  all  the  metals  can  ■  add- 

^8  together  equal  portions  of  copper  and  steel, 

Pieces  of  this  alloy  to  the  fused  Genn an^^  ^  affect  its 

'^addition  of  silver  to  German  ^  ^  ^  feW  per  cent,  oi 
j  °herties  injuriously,  nor  an  iU^ltfug-ble>  somewhat  cheaper, 
which  makes  the  alloy  11101  ^  remarkable  that  only 

11 ^  ^proves  its  color.  It  *s’  1  t^e  alloy  quite  brittle. 

1  Ismail  addition  of  lead  renders  t 
18 
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By  an  addition  of  tin,  German  silver  acquires  considerable 
hardness  and  a  beautiful  sound.  An  alloy  of  this  kind  con 
taining  a  suitable  quantity  of  tin  could  be  used  as  speculum- 
metal  and  bell-metal.  But  the  previously  given  compositions 
for  these  purposes  being  very  suitable  and  much  cheaper,  tin 
alloys  containing  nickel  are  not  used  in  practice. 

As  regards  the  properties  of  nickel  alloys  they  may  be 
summed  up  as  follows :  The  color  of  the  mixture  is  always 
white,  the  degree  of  whiteness  depending  on  the  quantity  of 
the  separate  metals  used  in  the  respective  composition.  The 
most  beautiful  color  is  shown  by  an  alloy  of  4  parts  of  copper 
and  3  of  nickel,  but  unfortunately  this  alloy  is  scarcely  avail¬ 
able  for  practical  purposes,  it  being  extremely  difficult  to  fee, 
and  so  hard  that  it  can  scarcely  be  worked.  An  alloy 
taining  <  5  parts  of  copper  and  25  of  nickel  does  no  longer 
show  a  pure  white  color,  but  one  with  a  yellowish  tinge' 
which  is  clearly  perceptible  by  holding  a  polished  pi«*  of 
such  an  alloy  alongside  a  piece  of  silver.  Hence  the  better 
qualities  of  German  silver  must  in  all  cases  contain  ®orj 
than  one-fourth  of  nickel.  In  using  a  small  quantity  of, 
G  it  has  been  attempted  to  remove  the  yellowish  color 


!  d'Utl0n  °r  silver ;  but  without 


success. 


The  Swiss 


coir*5 


«e  made  of  such  an  ~ show  »  « 


“dodly  yellowish  2^’  “  **  Wel'  k"°"  " 

im^hf^J8‘hei  "“<*«  or teraan 

co|or  of  chemieallv  J  ^  deCt”C  CUrrent  and  °  ,  for  »' 
shorter  or  Ion  ,  ^  PUre  silver,  which  they  retil11  -e 
deposit.  ^  tinie  according  to  the  thickness  0 


The  ^ 

with  some  diffic!n^nanipulation  of  German  silver  is  attcl1 
cities  +k.  •  -..oose 


,dod 


'eS’  the  Plates,  which  for  the  Pa>T 


of 


1 


KICK  EL  ALLOYS. 

nariD„  sheet  must  be  obtained  by  casting,  being  strongly 
Salline  and  readily  cracking  under  the  hammer. 

Generally  small  plates  about  7f  to  12  inches  long,  4|  to  /f 
inches  wide,  and  *  inch  thick  are  prepared  by  casting  1  hese 
plates  are  slightly  rolled  and  hammered,  being  annealed  after 
each  mechanical  manipulation.  By  this  treatment  they  grae  - 
ually  lose  the  crystalline  structure,  and  when  this  has  entne  y 
disappeared  can  be  further  worked  with  ease,  and  i oiled  an 
stamped  into  any  desired  form,  most  articles  (spoons,  to  , 
ets.)  being  prepared  by  the  latter  method.  Like  alloy 
precious  metals,  German  silver  has  the  property  of  retain’  ^ 
its  metallic  color  and  lustre  on  being  brought  in  contact 
air  and  water,  and  it  is  not  affected  even  by  dilute  acids  sue 
as  are  frequently7  found  in  food  (lactic  acid,  acetic  aci  ,  ^ 

Nickel  alloys  possessing  strong  electric  pioperties 
* the  manufacture  of  positive  elements  for  thermo-electric 
iks,  they  being  especially7  adapted  for  the  pui  pose 

high  melting  point.  A  thermo-electric  p:le;  one  P  ' 
tlon  of  which  consists  of  a  nickel  alloy,  can  be 
,l011g  red  heat  without  fear  of  the  alloy  melt"  & 


German  Silver  or ■  Aujentan 

nrc  recognized  in  com 

fs  of  nickel,  copper  and  zme  <  ^  aVoid  confus- 

Jnder  all  sorts  of  names,  but  in  ^  ^  argentan,  which 
will  retain  the  term  German  sij^this  ^  ar( e  found 

'  in  use.  Factories  which  P1  alUi  England  are 

ost  all  large  cities,  though  com  position  oi  the  alloy  s 

kf  seats  of  the  industiy-  considerably,  as  may  be 

y  the  various  factories  differs 

‘om  the  following  figurtS 
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tiie  metallic  alloys. 


Copper 
Zinc  .  . 
Nickel  . 


.  *  ,0° to  66  parts. 

. .  “  31  i. 

. .  “  18  ii 

For  the  fabrication  of  spoons,  forks  cur*  i, 
etc.,  alloys  consisting  of  copper  50  parts’,  nickd^  ^ 

.  m'e  'n0St  SUitabIe>  as  th«y  show  a  beautiful  white  ^ 
color  which  does  not  tarnish. 

t^'eansilveris  sometimes  so  brittle  that  a  spoon  allM(d 
upon  e  floor  will  break,  this  fragility  being  due,  J 
course,  to  an  incorrect  composition.  It  is  impossible  to  give 
a  e  oite  composition  for  German  silver,  inasmuch  as  it 
-  according  to  the  manipulation  the  article  manu-j 
actured  from  the  alloy  is  to  undergo.  The  following  tabl 
(  Jyses  of  different  kinds  of  German  silver  shows  how  th 

|  .  eS  ^le  all°ys  change  with  the  percentage  of  metal 

e(^  *n  ^em.  Immaterial  admixtures  of  foreign  metal 
8 ' G  )eGn  omitted  in  the  compilation,  only  those  belongini 
the  comI)0sition  of  the  alloy  being  given  .- 


German  silver. 

i 

Parts. 

Quality. 

English"?  - - 

Copper. 

Zinc. 

Nickel. 

_ — 

u  1  •  % 

44 

8 

8 

3.5 

3.5 

4 

6 

finest  quality.  ,  very 

very  beautiful,  but  ^ 

German  .  '  ’  '  • 

44  *  *  •  • 

8 

52 

6.5 

3 

refractory.  f  jble. 

ordinary,  readil}  t 

44  *  *  •  . 

59 

26 

30 

31 

1 

22 

prime  quality, 
second  “ 

#  • 

68 

11 

6 

third  “ 

- - - - 

The  follow 


“ruing  various  kind*  give  "'‘cresting  particulars  H| 

“°bs  for  German  silver  ' — 
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Parts. 


German  silver 


Copper. 


Zinc.  Nickel.  Lead.  Iron. 


Chinese. 


For  casting 
Sheffield- 

Common  (yellow) 
Silver-white.  .  . 
Eleetrum  (bluish)  .  . 
Hard  (can  be  worked 
Fricke’s — 

Bluish-yellow  (hard) 
I  ale  yellow  (ductile) 
Silvery  (hard)  .  . 

,,  “  (harder) 
Common  formula 


18.7 
20 

16.7 
25 
22 
20 
18 

17.5 
19.13 
15.05 
10.85 
13 

36.8 

15.6 

17.9 

31.6 

24.3 

21.8 

19.4 
14.3 
20.0 


__  3.00 


__  2.60 

2.9 

1.9 

2.9 
0.8 
3.0 


55.50 

62.50 
50.00 
59.00 
55.00 


25.90 

24.10 

22.60 

20.00 

39.00 

31.20 

18.80 

30.00 

25.00 


14.80 

20.70 

25.S0 

31.30 

5.50 

6.30 

31.20 

10.00 

20.00 


•  different  quanti* 

)T  varieties  of  German  silvei  co1  change 

..  _r  verv  frequently 

ron,  manganese,  tin,  oi  ^  ^  11  these  addi- 

ilities  of  the  alloy  or  to  ehe<  \]mn  beneficial 

however,  exert  rather  an  1  J  ^  ^  resistance  against 
ice,  and  especially  lessen  |  qie  most  valuable 

ion  of  dilute  acids,  "hid 

ties  of  this  alloy.  an  silver  more  fusible  ,  one 

addition  of  lead  make  bronze,  making  the  alh»> 

acts  in  a  certain  sense  as 
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denser  and  more  sonorous,  and  causing  it  to  take  a  1 
polish.  An  addition  of  iron  or  manganese  increases  the  whit' 
color  of  the  alloy,  but  it  becomes  at  the  same  time  nm 
refractory  and  inclines  towards  brittleness. 

Substitutes  for  German  Silver. — There  are  a  number  of  I 
directions  for  the  preparation  of  alloys  to  be  used  as  substi¬ 
tutes  for  German  silver,  but  none  of  them  has  succeeded  in 
entirely  replacing  the  latter,  a  proof  that  it  possesses 
tages  not  belonging  to  the  others. 

Nickel-bronze. — This  alloy  is  prepared  by  fusing 
purified  (99.5  per  cent.)  nickel  with  copper,  tin  and  zinc,  sol 
that  the  resulting  bronze  contains  20  per  cent,  nickel.  It  H 
of  a  light  color  and  possesses  great  strength. 

According  to  Gamier,  nickel  containing  phosphorus  allowed 
vith  copper,  zinc  and  iron  gave  better  results  than  -u 
alloys  without  copper. 

a th-bronze. — Webster’s  bismuth-bronze  is  llia  ^ 

of  its  d* 

For* 
bv 


rhly-  fi" 


■\anous  proportions.  According  to  the  statement 
co\  erer  its  composition  and  qualities  are  as  lollo" 
hard  alloy  take  1  part  of  bismuth  and  16  oftm,  botl 
"Glght’  and>  having  melted  them,  mix  them  thoroug 
*  W  bismuth-bronze  take  69  parts  of  copper.  21  ot  T  I 
o  nickel,  and  1  0f  the  above  hard  alloy  of  bismuth  a 

Thls  bismuth-bron  ‘  —  1,11 

alloy, 


lze  is  a  hard,  tough,  sonon’U  • 
pronoli  ,  v ^  ^  Pr°Pose^  for  use  in  the  manutactun  ^ 
partially  shafls’  in'*®,  and  other  appliances  ^ 

longhness  it  £T“*t'y  “  Sea’"'ater'  In 

and  similar  10u£ht  to  be  well  suited  for  ('r  ^  ^ 
F  rom  its  sot!  b°*G's  where  much  stress  is  borne  b>  ^-jr^ 
b  °r  domestic  is  well  adapted  f°r  l’u  rjC  & 

K  ^  a>nl  articles  exposed  to 
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bismuth  1  part,  aluminium  1,  and  tin  •  , 
•*”oS  *  to  forffi  the  separate  or  preliminary  alloy 
mdted  togetlio  ^  of  1  per  to  the  above- 

which  is  added  m  t  p  1  nickel  This  bronze 

*j  -  »»>*'■ 

*•»  bright  and  hard  alloy  suited  for 

»ls  or  articles  exposed  to  oxidation. 

n  Q-/^r _ As  a  substitute  101  ^1UU 

Manganese-German  nilui-  -  «  pnnner 

alter,  Boucelin  and  Ponsard  recommend  anao>  ^  ^ 

60,  zinc  15  and  ferro-manganese  with  <  0  '  0  jnc 

ganese 40.  For  bearings,  cocks  and  valves:  °Pl)el  '  ’ 

10  and  ferro-manganese  with  60  p  _  School  of 

According  to  Ledebur,  the  collection  of  a  °  yellow 

Mines  contains  a  moderately  ductile  sheet  of  a^  i  ^ 

«olor  composed  of  copper  60.95,  manganese  <•  >  percept- 

and  iron  1.13,  and  another  sheet  of  a  palei,  hut  s 

’  Ao  i  a  manganese  4.40, 

Me  yellow  color,  composed  of  copper  >  > 

zinc  26.11,  iron  0.74,  and  nickel  3.67.  readily 

The  following  composition  is  recoin  ment 

and  hence  very  suitable  for  ai tides  o 


topper 


.  52  to  50 
17  “  15 
.  5  “  10 


it 


3 


tt 


Zinc . 

Manganese . 

Phosphorus . 

Copper  with  15  per  cent.  phosplwiu  composed  of: 

nv  this  name  is  c  l 
[phtit. — The  alloy  known  t  . 

a  66,  nickel  23,  tungsten  4,  coppe  ^  nickei  13.046,  tm 

h'guzoid. — Copper  5o.<S>  7Al  ,^ver- white,  almost  ducti 

35,  lead  3.544.  This  alloy  »  > 

1  suitable  for  articles  of  a  ^  the  Societe  anony 
Ferro-German  silver  Piepa 
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Ferro-Nickel  of  Paris  consists  of  iron,  nickel  on  i 
or  without  zinc.  '  '  °°W‘er  »itli 

A  mlver-lite  alloy,  which  can  be  worked  like  German  di 

W  rr *  °fTCK0PPer’  70  ;  "ickel>  2P  i  *»«.  o£ ;  cadmium  'l 

llatmoid.  1  his  alloy,  invented  by  H.  Martino,  is  a  kind 
of  German  srlver  with  an  addition  of  1  to  2  per  cent  rf 
tungsten.  The  latter,  in  the  form  of  phosphor-tungsten,  ii 
hrs  melted  together  with  a  certain  quantity  of  copper,  ft, 
is  next  added,  then  the  zinc,  and  finally  the  remainder 
opper.  In  older  to  remove  the  phosphorus  and  a  portion 
tungsten,  both  of  which  separate  as  dross,  the  resulting  I 
compound  is  several  times  remelted.  Finally  an  alloy  of  a 
ul  white  color  is  obtained,  which,  when  polished, 
t  esembles  silver,  and  retains  its  lustre  for  a  long  time. 
detre10^  haS  the  properties  of  German  silver  in  a  pre-eminent 
wit!  tv,  ^  sp°ws  great  resistance,  which  changes  but  littfe  I 
p  temperature,  and  is  about  1£  times  greater  than  that  j 
ance  il^  ei .  p0  determine  the  dependence  of  the  resist 

bobbin  temperature,  platinoid  wire  was  wound  upon  a 

°il-bath  T]  d0d  a  ^read,  and  uniformly  heated  i»  <n 

the  resistan ee° qn!! n  m  en^s  Save  the  following  table,  m  "hich 
- _____  at  C.  is  placed  =  1. 

Resistance.  Temperature. 


1.0000 

1.0024 

1.0044 

1.0006 

1.007.‘> 

1.0097 


-  1 01^ 

Zc .  1«1»* 

70  .  1 0160 

«0  .  0188 

»0  .  oi)9 

100  .  L 


Th‘8  shows 


shows  *"  ~~ —  — _ _ _  - 

(  •  between  o°  mcrease  of  resistance  of  '  t 

c  an  average  0f  o  ( ’  an°ther  experiment  a'it1*  " 

'  22forl°C.  According  to  expert 
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«  rt|liessen  and  the  more  recent  ones  by  Erno,  the  increase 
Jte  resistance  of  copper  is  0.38  per  cent.,  and  of  German 
siher 0.044  percent.  Hence  platinoid  is  in  this  respect  far 

superior  to  other  wire  in  use. 

Copper,  83  ;  nickel,  4  ;  manganese,  lo. 

Bi Mtt’s  German  silver.  This  alloy  is  said  to  possess  a  heau- 

liful  white  color  and  the  density  and  toughness  of  tombac.  1 1 

is  composed  of  copper,  4,  zinc,  2.5,  lead,  0.75,  nickel,  0.5 

tin,  0.125. 

Pinch's  patented  German  silver  is  composed  ol 

a  ~  A  In 


Copper.  Nickel 

"9.50  16.00 

‘•5.00  16.00 

‘1.00  16.50 


Cobalt. 
1.00 
2.00 
1.25 


Zinc. 

1.00 

2.25 

7.50 


Anti-  Alumin- 

inony.  iom.  Iron. 

1.00  0.50 

o  75  0.50 

2M  -  125 


‘1.00  16.50  1.25  7.50 

Ufenide,  Argiroide,  and  allied  alloys.  Abe  alio},  b  S 
'commerce  under  these  and  many  other  names  co 
^  cases  of  a  mixture  of  metals  closely  lesembling 
«,  but  they  are  always  electro-plated  with  pm  e  »  ^ 

iness  of  the  plating  depending  on  the  P™«  <• 

dive  articles.  In  many  cases  the  comp— -dm  t  ^ 

nufacture  of  these  articles  is  a  t  a  mean  appear- 

'•man  silver,  which  by  ltself  "0U  d  silver  plating. 

'e>  but  is  hid  from  the  buyer  b)  "  recom mended 

In  recent  times  alloys  have  been  repreSented  by 

lich  differ  from  the  actual  nickel  which  makes 

T“aan  silver  in  containing  tin  and  than  German  sil- 

em  more  fusible  and  more  easily  generally  introduced 

r-  Thus  far  these  alloys  have  ^  than  German  silver. 
Practice,  and  besides  they  is  composed  of  59.1  parts  of 
•According  to  Rochet,  ab?cl  ^  ^  q  Gf  iron.  According 

'Pper,  30.2  of  zinc,  9.7  of  nl°b^  an  ordinary  quality  of  <-ier- 
1  diis,  it  is  actually  not 
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man  silver.  It  is  said  to  be  well  adapted  for  electro-sil  •  j 
plating  spoons,  forks,  and  other  articles  with  a  smooth 
but  it  does  not  succeed  so  well  for  decorated  pieces.  ] 
Toucas's  alloy  is  composed  of  copper  5  parts,  nickel  4,aJ 
mony,  tin,  lead,  zinc,  and  iron,  of  each  1.  The  metals  are 
melted  together  in  a  crucible.  This  alloy  has  the  advantage 
of  being  complex,  if  it  does  not  possess  other  qualities  than 
similar  compounds.  According  to  the  inventor,  it  has  nearly 
the  coloi  of  silver,  may  be  worked  like  it,  and  is  laminated  by  1 
the  oidinary  processes.  It  is  resisting,  malleable,  susceptible 
of  a  fine  polish,  with  a  lustre  of  platinum,  and  can  be  perfectlyl 
siheied.  lor  objects  which  are  to  be  spun,  hammered,  or I 
chased,  the  above  alloy  is  very  convenient,  but  for  cast  and  I 
adjusted  pieces  it  is  preferable  to  increase  the  proportion  of  I 
zinc  in  oider  to  increase  the  fluidity  of  the  metal.  This  com- 1 
pound  is  employed  for  ornaments,  jewelry,  etc. 

According  to  Trabuk,  of  Nimes,  a  beautiful  white  alloy, 
ch  lesists  the  action  of  vegetable  acids,  and  may  ser'eas‘  I 
substitute  for  German  silver,  is  obtained  by  melting  togetherl 
°  Parts  of  tin,  55  of  nickel,  50  of  antimony,  and  -(l  ol  11 
Into  a  crucible  of  suitable  size  introduce  first  £  ot'  j 
m  and  all  the  nickel,  antimony  and  bismuth,  and  after  00' 
-ng  these  metds  with  thesecond  third  0f  tin,  cover  the  Ml 

lid  is  tb  i°f  °llarcoal  powder  to  prevent  oxidation- 

bright  la’1  ‘he  CrUCiWe  al'd  th°  J 

iron  rod  that  n  "  ter  ascertammg  by  stirring  "jt  1  ‘  .  A 

added>irwnickei  isfu^the  iastthi;di^l 

rile  mass  is  tho  UGVCr’  removing  the  layer  o  J 

and  cast  into  •  *  Stlrred  until  it  is  perfectly  homog 

uto  ingots.  .  j 

^  &nn.oxod  i  i  -iii^1 

according  t0  ti  °  ^*Ves  a  number  of  nickel  alloy s  al 
eir  suppositions. 


«->/'*  ^  i  ?/*».*/**. 
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***»  of  German  Silver  on  a  large  ScaU 

nurture  of  German  silver,  the  purity  of  t 
lD  th°  Hs  of  greater  importance  than  in  the  preparation 

—  »•  — ■ — 

«d  without  further  preparation,  the  duel  co 

eing  cobalt,  which,  as  previously  mentioned,  exerts  little 

luence  upon  the  properties  of  the  alloy.  Copper  is  u(luc  ^ 

•ontaminated  with  iron,  lead,  arsenic,  and  antimoi  }, 

uch  case,  is  only  fit  for  the  preparation  of  German  si  \er 

second  or  third  quality.  Zinc  also  contains  certain 

nations  injurious  to  the  qualities  of  the  allo\ .  _ 

The  manufacture  of  German  silver  is  gen ei  all}  ta  ^ 
according  to  two  methods  which,  from  the  countne 
Aey  have  been  perfected,  are  termed  respect  i\  el}  the  i 
J!l|l  the  German  process.  Both  yield  (mi man  si  , 

’ent  quality,  and,  as  will  be  seen  from  the  descriptions^  ^ 
two  methods,  differ  chiefly  in  the  manner  in  " 

!J'  operations  in  melting  dowrn  the  alio}  s  arc  g .  qqie 

German  process. — The  alloy  is  prepared  <■  Qf  copper 

anc  and  nickel  to  be  used  for  a  certain  quani^  tho 

a'e  divided  into  three  equal  portions.  -  folding  at  the 
')0tto,n  of  a  graphite  crucible,  capable  ^  up011  this  a 

lt'nost  22  pounds  of  the  alloy ,  a  la}  e  ^  layer  of  copper, 

la'er  of  zinc  and  nickel,  upon  this  ag<  ^  copper  is  *n  t^c 
atld  continue  in  this  manner  until  a  ^  the  nickel  and 

Cru^le,  retaining,  however,  one-thir  e< 


layer  of  charcoal  pow- 
ie  crucible  is  now  covered  '  oXiaation  of  zmc,  and  the 
0  prevent  volatilizati011  ujckly  as  possible  in 
-nts  are  melted  down 
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furnace  connected  with  a  high  chimney,  quite  a  hi 
ature  being  required  for  the  fusion  of  the  alloy.  ^ 

AY  hen  the  contents  of  the  crucible  are  supposed  to  be  li 
fled,  they  are  examined  by  dipping  in  an  iron  rod,  and, 
whole  is  found  to  be  thoroughly  melted,  an  intimate  miitJ 
of  the  metals  is  effected  by  vigorous  stirring  with  the  rod.  j 
f  he  zinc  and  nickel  retained  are  now  added  in  portions  to 
the  melted  contents  of  the  crucible,  the  mass  being  vigorously  j 
stirred  after  each  addition,  and  a  sharp  fire  kept  uptopre- 
"^ent  the  alloy  from  cooling  off  too  much  by  the  newly-intro- 
duced  metals.  After  the  introduction  of  the  last  portion,  an 
additional  piece  of  zinc  is  generally  thrown  into  the  crucible 
to  compensate  for  the  loss  of  zinc  by  volatilization,  and  besides 
experience  has  shown  that  a  small  excess  of  zinc  renders  the 
alloy  more  thinly-fluid,  which  materially  facilitates  the  work 
m  tlie  subsequent.  casting.  If  the  alloy  is  to  be  rolled  cut  I 
into  thin  sheets,  it  is  recommended  to  keep  the  finished  alloy 
\  ^  ^0r  some  ^me  longer  before  proceeding  to  casting- 

g  this,  however,  it  is  necessary  constantly  to  keep  t 

sur  ace  of  the  melted  metal  covered  with  charcoal  to  Preu<11 
'  Utilization  of  zinc. 


rpi  #  "aua... 

3itw  (>1  the  all°y  is  effected  in  various  wavs.  ]t 


either  at  auu)  1S  effected  in  various 

<>«t  into  rr  mt°  piates> which  «re  subse,|uen"''' 10iinf 


roll®*  I 


out  into  si  ,  Plates,  wincn  are  suDsequm**. 

are  remelted  Very  thin  sticks,  which  after  tbe| 


are  remelted  and  fi  y  1  StlCkS’  W 

greater  consume*  Ually  cast  into  plates.  On  account 

somewhat  °U  °**  *uel  and  labor,  the  last  nwt 1  I 


somewhat  more  e  luel  an<^  bibor,  the  last  n  ^ 

advantage  of  the ^llS*Ve  ^lan  direct  casting,  hut  it  ^ 

melting,  and  r  °"  becoming  more  homogeneous  h 
Oni . .  .  uesmes  it,  _  ,  .  ^ 


0llly  with  the  U  can  be  worked  with  gW#t4?r 

the  alloy  at  onCe  {  Vcry  Pure  metals  is  it  advisable  to 

lto  Plates. 
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..  lHe  skiH  is  required  for  casting  the  alloy,  it  being 
°  I  run  it  into  the  moulds  at  as  high  a  temperature 
in  an  uninterrupted  stream.  An  interruption 
JL  can  be  at  once  detected  by  the  fact  that  the  plate 

t-Led  in  casting  plates  consist  of  two  iron  plates, 
*  plain  and  the  other  with  a  ledge  corresponding  to  t  e 
thickness  of  the  plate  to  be  cast,  which  varies  from  O.oU  to 
039  inch.  On  account  of  the  great  contraction  of  the  a  o> 
in  solidifying,  the  distance  between  the  two  plates  m 
somewhat  greater.  In  order  to  obtain  castings  b 
bomogeneousness,  it  is  recommended  to  run  the  melted  m 
&om  below  into  the  moulds.  This  is  effected  by  P1'  ^  ® 

the  lower  plate  with  a  lip  or  mouth-piece,  in  which  i  1 
i  clay-funnel  connected  with  a  pipe  rising  somev 
,ht  mould.  After  the  plates  are  tightly  screwed  toget  h  r '> 
mould  is  highly  heated  and  the  casting  proceeded  wit  l  ^  ^ 
"'hi  is  heated  as  intensely  as  possible,  and  af  (]]oU-0()  to 
from  all  contaminations  floating  on  the  surface  is  »  ^  ^ 

111  a  steady,  thin  stream  into  the  mou  t])0  funnel 
»etal  appears  on  the  upper  end  of  the  mou  <  aUowing  the 
rt">ains  filled,  the  casting  is  flnish°  .'  ,1  ho„r,  the  solid- 
llll("d  mould  to  stand  quietly  for  about  >a  ‘  adhering 

^  plate  is  removed,  do  prevent  viously  to  casting 

^e  sides  of  the  mould,  these  \  principal  ditfi- 

f°ate<l  with  a  layer  of  fine  ^unll>  ^  ^  ^  obtain  them  Per_ 

Culty  in  casting  plates  of  German  si  ^  which  is  best 

fec%  homogeneous  and  h-ee  h(  aS  pot  as  possible  into 

effected  by  bringing  the  ^  Acuity  of  executing  the 

the  mould.  On  account  o  he  crUeible  do  not  coo 

^tiug  so  quickly  that  the  contents 

19 
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off,  it  is  recommended  to  fill  only  one  mould  at  a  time 
replace  the  crucible  in  the  furnace  in  order  to  keep  the 
tents  at  the  highest  temperature  possible. 

The  plates  of  German  silver  thus  obtained  have  to  be  care¬ 
fully  examined  as  to  whether  they  are  perfectly  homogeneous 
Imperfect  plates  must  be  thrown  out  and  remelted.  The  per¬ 
fect  plates  are  rolled  out  into  sheets  from  which  the  articles  to 
be  manufactured  are  punched  out  and  then  further  worked. 

English  process. — The  English  method  of  preparing  the 
alloy  differs  somewhat  from  the  German,  especially  in  the 
manner  in  which  the  metals  are  melted  together,  no  portion 
of  the  zinc  or  nickel  being  retained,  but  the  entire  quantity  of  I 
metal  is  melted  at  one  time.  Good  graphite  crucibles  are! 
used,  which  are  placed  in  a  furnace  capable  of  producing  a  | 
high  temperature.  The  metals  are  used  in  the  form  ol  sllia^ 
pieces.  1  he  charge  of  each  crucible  generally  consists  of  f 
pounds  ot  tin,  ^  pound  of  zinc,  and,  according  to  the  qual| .  ; 
of  the  alloy  to  be  produced,  2  to  3  pounds  of  nickel.  Tb  ! 
metals  aie  intimately  mixed  and  quickly  introduced  ud  | 
red  hot  crucibles.  Their  surface  is  immediately  co\eied 
ick  lajer  of  coal-dust  and  the  mixture  fused  as  . 

possible.  After  ascertaining  bv  stirring  with  an  iron  rod  t 

wi“r0sfis  U<iuefied’ a  previous’y  ^  ofi,;;;J 

the  ,1  r  T  ^  1  part  of  copper  is  added,  the  •  J 

tne  above  charge  PM „  i  Wh#1  ^  1 

a'W  i.  melted  and  tf^  14  2  P0U“  ib]e  foO"  “ 1 

homogeneous  whole  9  entlre  stents  of  the  cruc  O 

mass,  being  k  |  ’  pourids  of  zinc  are  finally  ao  v 

heated  as  strongl  C°nStantly  covered  with  coal-dust, 1  ,e| 

is  taken  to  test  it  &S  poss*ble,  and  when  thinly  tluid  <l  ‘ 

T1-  ahoy  aCrUtieS-  .  „  J 

coatains  a  certain  amount  of 


nickel  allots. 
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antitv  of  it  is  present,  the  casting  will  be  badly 
"  ’  '’^  ascertain  how  the  alloy  will  act  in  casting,  a  test 
.  made  and,  if  the  fracture  of  this  shows  blow-holes, 
Si  have  to  be  reduced.  This  is  effected  by 
, towing  pitch  into  a  stoneware  pipe  pushed  through  »e 
w„,ente  of  the  crucible  to  the  bottom.  The  products  of  dry 
distillation  evolved  from  the  pitch  effect  a  reduction  of  the 
oxides,  which  is  accelerated  by  stirring  coal  dust  into  tie 
melted  metal.  When  the  reduction  of  oxides  is  supposed  to 
be  finished,  a  strong  heat  is  given,  and,  aftei  the  coal 
chanically  mixed  with  the  alloy  has  collected  upon 
face,  the  purified  metal  is  cast  in  a  manner  similar  to  tlr  ^ 
bribed  under  the  German  process.  Instead  of  c<*at’  &  ^ 

moulds  with  lamp-black  alone,  many  manufacture 
mixture  of  lamp-black  and  oil  of  turpentin  . 
treated  must,  however,  be  sharply  dried  to  \olati  ^  ^  ^ 
°1  turpentine,  as  otherwise  the  vapors  e\  olx  cd  t 

Ik.  formation  tu 

turpentine  in  casting  might  readily  cause  the 

How-holes. 


S'  „  •  ,  the  chemical  portion  of 

>e  casting  of  the  plates  finishes  u  worked  in 

Process,  and  the  perfect  plates  aie  mec  ( jerman  process. 

same  manner  as  indicated  under  with  a  solder 

des  of  German  silver  have  to  be  ,  that .of  the  alloy. 

Se  color  approaches  as  nearly  as  1  ^ge  js  prepared  l\v 
excellent  composition  for  this  lHU  Aether  with  4  parts 
ting  5  to  6  parts  of  German  si  t0  prepare  the  alloy 

It  is,  however,  better  copper  35 

ch  is  to  serve  as  solder  > 

ts>  zinc  57,  and  nickel  8.  manner  as  Gei man  silv 

rhe  alloy  is  prepared  in;t  lC^tes  pulverized  while  hot. 

1  after  being  cast  in  ^ 
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the  alloy  is  too  tough  and  can  only  he  pulverised  »i(k  ,  I 
eulty,  it  contains  too  little  zinc,  while  too  great  brittl  *L 
dicates  too  small  a  quantity  of  nickel.  In  both  cases(bHl">l 
must  be  improved  by  remelting  and  adding  the  „J,'j 
quantity  of  the  respective  metals. 

The  alloys  of  German  silver  are  principally  used  for  the 
manufacture  of  tableware,  as  cups,  dishes,  forks,  spoons,  etc., 
but  on  account  of  their  beautiful  color  and  solidity,  they  are 
also  used  tor  articles  of  art,  and  are  more  and  more  substituted 
loi  genuine  silver.  For  fine  mechanical  work  German  silver 
surpasses  all  other  alloys,  it  having,  besides  considerable jj 
strength  and  power  of  resistance,  the  valuable  property  of  not 


Fro.  18. 


r,  and  °f 


changiiio.  ito 

Panding  but  ‘^Pearance  hl  contact  with  dry  air, 
f,  but  little  on  heating. 

bbtainedTr*  ^  German  sheet.  The  crystalli»e  1’ 

0  casting  are  very  gradually  reduced  by  10 
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rollings  repeatedly  heated  to  a  cherry- 
j^being  between  for  airect  firjng,  Figs.  18  and 

F  gs.  20  and  21,  and  allowed  to 

»,» ha  muffle  furnace,  g  ^  After 

(J  completely,  otherwise  edge-cracks  will  be 

Fig.  19. 


of  the  crystalline  structure  German 
ked  like  brass.  Very  thin  sheet,  in  '  w 
called  German  silver  foil  or  pm  i)on(J  '^orate(j  bottom, 
sheets  resting  upon  a  carriage  "lllj  |’c  heating  furnace, 
g  upon  rails,  are  introduced  into  width  of  the 

8  and  10,  through  an  opening  tin  when  tnkcn 

s  which  can  be  closed  by  a  <  ast  ^  carriage  pushed 

he  furnace  the  sheets  are  placed  ^on  level  with  the 
ip  to  the  furnace,  the  uppei  *-> 

1  of  the  hearth.  a  protection  against 

We  furnaces,  Figs.  20  and  heating,  but  their  effect 

-posit  of  dust,  and  alio"  °  "  .  yielding  the  heat  wi  1 

i  favorable  on  account  of  their  . 
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greater  difficulty.  The  cast  iron  muffle  resting  ^ , . 
bnck  arch  is  washed  by  the  gases  of  combustion  1 

from  the  grate  through  the  flues  a  and  b.  The  ^ 


pass  into  the  chimney.  The  channels  d  serve  for  the  „ 
duction  of  air ;  c  are  the  supports  of  the  arch. 


Fig.  20. 


France,  took  out  two^9'  ^  Henry  Schneider,  0 
cast  iron  and  nickel^  Patents  for  tho  manufacture  o 
*lT  8  ’  an<^  steH  and  nickel,  respect  iv 

^  415,667  a»d  415,655,  Nov.  19,  1SS9 
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.  ,  the  first  patent  it  is  stated  that  it  is 

ID  the  specific ,lons  nickel  with  iron  and  steel,  par- 

*»  p”au“  *"°5'  r  * 

-T.  -v—  «■»  ^ 


*  V  1  in  ft  crucible, 

5<luct  is  made  of  cast  iron  and  me  ~o  while 

or  open-hearth  furnace.  This  pioduc  njcp_el  and 

useful  for  the  manufacture  of  ii°n  ^  variety 

nickel  alloys,  may  he  used  as  ca-t  & 
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“ In  the  manufacture  of  this  alloy  of  cast-iron  and  nit- 
suitable  furnace  is  charged  with  nickel  scrap  and  ordi  ^ 
cast  or  pig-iron,  with  carbonaceous  matter ;  or  the  nickeT^ 
be  in  the  form  of  nickelized  compounds  or  coke.  The  ^ 
tion  is  best  carried  on  in  a  reverberatory  furnace  und^ 
layer  of  anthracite,  to  avoid  oxidation. 

“  Tbe  ^suiting  alloy  contains  from  five  to  thirty  per  cent, 
nickel,  and  is  remarkable  for  its  great  elasticity  and  strength 
—properties  which  may  be  still  further  developed  by  chilling 
01  tempering  in  the  usual  manner. 

this  alloy  of  cast  iron  and  nickel,  containing  (say)  thirty 
pei  cent,  of  nickel,  sixtv-three  pier  cent,  of  iron,  three  percent, 
of  carbon,  and  two  of  manganese  and  silicon,  is  then  charged 
on  the  bed  of  an  open-hearth  furnace,  with  the  iron  or  scrap 
used  in  the  ordinary  methods  of  making  open-hearth  steel, 
care  being  taken  to  protect  the  bath  from  oxidation  by  means 
of  a  layer  of  slag  or  cinder.  A  steel,  containing  about  ibe 
per  cent,  of  nickel,  is  thereby  obtained.  Precautions,  how¬ 
ever,  must  always  be  taken  to  prevent  red-shortness  in  the 
before  the  final  introduction  of  the  recarbonizinp  ,u 
«  Y-  1^eious  ,sdico-spiegel  iron  or  ferro-manganese. 

•  ^  stee^  this  kind,  containing  five  per  c<?nt' 

struor  18  eSPeCially  adaPted  or  suitable  for  use  in  the 

other  a!  °rdnance’  armor  plate,  gun-barrels,  projectiles a'i 

manufaet  for  or  other  like  pun*#*0 

“The  pe  U°  c°mmercial  sheets,  bars,  etc.  ^ 

regulated  aeon  ^ ^  °f  Carbon>  silicon  and  manganeM?  c‘| 
in  all  cases  in  ^  tbe  c^e8Tee  of  hardness  requm  ^ 

product  must  ip  ^  ob*a*n  the  best  results  p08'"'^ 

ably  1^  tempered  in  an  oil  or  ot  1 1 e i 

L-  *S-  patent  415,655,  Nov.  19,  18S9. 


■ba' 
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. ,  ,  mit<,d  is  made  by  a  patented  process 
0gi*  1,IC^  °  ^  _ nip.kftl.  iron  and 


**•«’«  wcbMP*^  ‘  0f  nickel,  iron  and 


ss:-— ■*  —• -* 


»1  ore  or  matt,  containing  ten  ^  and  '  “ 

Manganese  ore,  containing  ten  poet  .  c  ...  1  ton 

forty  per  cent,  iron  •  •  *  .  .  12  cwt. 

Iron  ore,  containing  fifty  per  cent,  iron  . 


11U11  Ulvj  v  J- 

,n  allov  of  nickel  and  iron  having  thus  been  obtained 

„  appears  to  be  but  little  difficulty  in  working  this  me, 

a  into  a  nickel  steel  by  means  of  an  open-lieai  tb  1  ^ 

itilev  states  the  alloy  (nickel  steel)  can  be  ma 
'  j  ,  .  ■  n  fairly  good  heat.T 

^  open-lieartli  furnace,  working  at.  a  <  .  ordinary 

1  special  arrangements  are  required  ioi  casting, 

A#  and  moulds  being  sufficient.  If  fiie  c^ial^t  |  -teel--- 
J*ked,  nearly  all  tlie  nickel  will  be  found 

11111 ,st  11(>ne  is  lost  in  the  slag.  .  tpe 

^extraordinary  care  is  required  when  re  ^  pr0p- 

for  hammering  or  rolling.  If  the  s*e0  hainmer  and 
)  niade,  and  is  of  correct  composition,  1  .  ^  Riley  X 

111  "ell>  whether  it  contains  little  or  much  containing 

Ppears  to  have  obtained  the  best  results  ^  ^ut  not  an- 

1(  Per  cent,  nickel.  With  this  giade  _er  square 

leal^>  he  obtained  elastic  limit  69,064  P°*  ^  inch>  with 

ll^1>  tensile  strength  116,480  pound.  1  ^  •\\Then  rolled 

toUlteen  per  cent,  elongation  m  eight  i  square  inch. 

*  annealed,  elastic  limit  72,800  pound. 


gineering  and  Mining  .lour.,  J»n-  31  ’  *  1?  188o,  p-  45-  Jour ual 

„  ,  t<t,.el  Institute,  - 

urnal  of  the  Iron  and  >  g67 

Franklin  Institute,  Ma>  1 
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tensile  strength  104,832  pounds  per  square  inch  with  thirty, 
and  one-half  per  cent,  elongation  in  eight  inches. 

Riley  states  that  the  whole  series  of  nickel  steels  up  to  fifty 
per  cent,  nickel  takes  a  good  polish  and  finish.  Steels  rich  in 
nickel  are  practically  non-corrodible,  and  those  poor  in  nickel! 


are  much  better  than  other  steels  in  this  respect. 

The  alloys  up  to  five  per  cent,  of  nickel  can  be  machined! 
with  moderate  ease,  beyond  that  they  are  more  difficult  tol 
machine. 

The  one  per  cent,  nickel  steel  welds  fairly  well,  but  this! 
quality  deteriorates  with  each  addition  of  nickel. 

The  tests  of  some  of  the  nickel  steel  made  by  Carnegie,! 
Phipps  &  Co.,  Pittsburg,  for  the  U.  S.  Navy  Department, J 
gave  the  following  results :  Elastic  limit  (two  specimen) I 
59,000  and  60,000  lbs.  per  square  inch,  ultimate  tui  ilej 
strength,  100,000  and  102,000  lbs.  per  square  inch;  elong*l 
tion,  15^  per  cent.,  and  reduction  of  area  at  fracture,  I 
2()|  per  cent.  The  test  pieces  were  cut  £  inch  plat*  - 
chemical  analysis  gave  a  content  of  yV  Pcr  cen^  n'c^'  j 

ihe  conductivity  of  nickel  steel  is  extremely  p001  a11  | 

but  the  resistance  very  high.  According  to  H°Pkl‘1?^j 
nickel  steel  containing  less  than  5  per  cent,  nickel  b  ‘h  I 
ne  magnetizable  than  wrought  iron,  particularly  1° 
luctions.  On  the  other  hand,  when  containing  -'>  P 
H  "  non"magnetic.  But  if  cooled  to  -4°  * « 

.“'V  CC,dcdly  magoetic  and  remains  so  when  it  »g“in  ”  , 

-  hesT;1, condition- if-  ^ »  i,eated  f* 

--CeC ic:  ten™re- 107,50  p-  h  -r 

11  remains  so  until  cooled  to  -4°  *  - 
^ugineering  and  M.  . 

t  P.  Lynwood  Gn,^  ming  Jourual,  Dec.  13,  1890.  l80l. 

IS°n ’  Journal  Franklin  Inst.,  Septen>,,t‘1’ 


CHAPTER  IX. 


alloys  of  tin,  with  little  copper  and  additions 

OF  ANTIMONY,  ETC. 

Tin  by  itself  is  a  very  soft  metal,  and  in  a  pure  state  finds 
but  little  application  in  the  industries,  but  in  the  01111 
alloys  its  use  is  constantly  increasing.  1  hese  alloy  s  show  di 
ferent  properties  according  to  the  metals  with  which  the 
is  combined,  and  form  one  of  the  most  impoitant  and 
able  groups,  as  they  include  metal  for  bearings,  ty  pe  m 
Britannia  metal,  etc. 

The  tin  alloys  most  frequently  used  contain  copper,  zinc, 
or antimony  ;  others  less  frequently7  employed  cor 
'ead,  and  some  for  special  purposes,  bismuth. 

The  effect  produced  by  the  different  metals  upon  ^  1  e  P  I> 
‘■'ties  of  the  tin  varies  very  much,  but,  genera  1 
may  be  said,  that  the  melting  point  is  raised,  w  n  e 
ductility  of  the  tin  is  decreased,  but  its  hardness  and  res.st  g 

I’0'Ver  are  ver>;  mud*  increased.  ^  considerably  harder, 

addition  of  copper  makes  ie  machine  those  of 

the  Properties  of  the  alloys  thus  tin  alld  copper, 

Aniline  bronze.  Alloys  containin  same  constituents  as 

t(,rtain  quantities  of  zinc,  posse  ^  ^  metals  whether 

^rass,  and  it  depends  on  the  <ll 1  roach  those  of  brass,  or 

^he  properties  of  the  alloy  act  character. 

whether  they  have  a  more  hvo^  j)ropcrty  of  hardening  soft 
Antimony  possessing  th^P®Uoys  alwftys  show  a  certain  de- 
^tals,  the  tin  ami  antin  ^  299  ) 
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gree  of  hardness,  but  unfortunately  become  also  so  brittle  H 
they  can  0n!y  bo  used  for  castings,  as  etching  £* 

possible  mC‘  "  ^  r0llmg  ‘S  ^  difficul‘  aid  frequently  J 

Alloys  of  tin  and  lead  were  formerly  much  used  j,  h 
mauu  acture  of  pots,  dishes,  plates,  etc,  but  at  the  pj 

”6  th,elr  apPllcation  is  limited.  Alloys  of  tin  with  bismuth 
an  ot  er  metals  are  distinguished  by  a  very  low  melting 
point,  requently  below  the  boiling  point  of  water;  such  alloys 
aie  only  used  for  special  purposes. 

lost  impoitant  alloys  of  tin  are  those  known  as  white 

^  Britannia  metal.  In  a  certain  sense  a  few  other 

.  ■  itolit  be  classed  among  the  tin  alloys,  but  as  the  other 
metals  are  • 

mor  .  1  ‘  11  111  a  preponderating  quantity,  it  seems 

present  ‘  (^ycuss  fhem  under  the  name  of  the  metal 

allnv  n  ^llfecst  quantity,  or  which  at  least  imparts 
U°y  ltS  c  laructeristic  properties. 

11  hite  Metals.  Bearing  Metals. 
ihe  so-called  wLn 

tin,  copper  and  &  metals  contain  varying  quantitu 

by  zinc,  the  com  dUtlm°ny-  Sometimes  the  latter  is  rep1 
that  of  statuarv  v.  ^°U  *U  ^is  case  approaching  more  or 
antimony  occurs  but  •  ^  simultaneous  use  of  z]llt 

which  contain  iron  or  ’  tllere  are  further  some  al 

combination  of  many  ^  besides  the  mentioned  metals, 
not  seem  especially  metiJs  to  one  and  the  same  alloy 
alloys  has  scarcely  rea  ,  ^  «hce  our  knowledge  °1 

determine  with  absoluto  °  SUoh  a  point  as  to  enable  ui 
Peoportions  „f  mixtare  ty  how  three  metols  in  vari 

*  1  083  able  *°  state  with  Zl  ‘°Wards  each  other,  and  we 

ac3  the  behavior  of  alloy 


to 
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„  preparation  of  which  four,  five,  or  even  six  metals  aie 
j  Besides  practical  experience  has  shown  such  alloys  to 
Ik  frequently  of  no  value,  and  are  simply  recommence.  > 
Dine  persons  in  order  to  make  a  market  for  a  new  product. 

The  seealled  white  metals  serve  almost  exclusive  y  or 

tarings,  some  compositions  used  ior  the  same  purpose  h<  - 

been  already  given  on  page  235  et  seq.  median 
exact  line  is  drawn  between  the  various  hinds  ol  c 

and  they  can  be  chiefly  divided  into  two  laigc  td°  1 
brass  bearings  and  white-metal  bearings.  1  he  ied  hr 
bgs  are  distinguished  by  great  hardness  and  P°"  loaded 
ance,  and  are  principally  used  for  bearings  ot  he 
atl(l  rapidly-revolving  axles.  For  bearings  of  a  '  -  ^ 

heavy  %-wheels  revolving  at  great  speed  he  more 

are  also  preferable  to  white  metal,  thou& 


^  i|aVc  niicl  hfitVB  & 

ite  metals  are  cheaper  than  red-hiass  -  readily 

welting  point,  so  that  a  worn-ou  *ie  with  red  brass 

led  and  replaced  by  a  new  oue’J^  niore  trouble  and 

operations  are  connected  witb  11111  ^  another  property 

«*•  White-metal  bearings  Posscs®  ^  certain  purposes. 

1  wakes  them  almost  indispensab  •  does  not  run 

.  h,  the  befuuife  . 

r  instance,  the  shaft  resting  ^  of  a  rcd-brass  hear- 

<%  quiet,  the  consequence  of ^  'bearing,  according  to 
"ill  he  that  either  the  axlc  1,1  is  subjected  to  pica 

her  the  one  is  harder  than  the  °  to  such  an  extent 

and  this  will  in  a  ^trve  considerably.  By 
the  axle  in  revolving  w>'  etai  bearings  ot  a  su 

ever,  for  these  purpose’  ».  nXfo  by  pressing  m  o  ^ 
degree  of  softness,  th^”^  for  a  longer  time  t  an 
bearing  runs  ^ 
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latter  consists  of  red-brass.  The  bearing,  0f  course 
as  quickly,  but  this  is  of  little  importance,  since  tW  J 
of  replacing  it  is  comparatively  small.  *  11 

White-metal  bearings  contain  a  preponderating  quantity  ofl 
tin;  the  degree  of  hardness  of  such  alloys  depends  chiefly  on  I 
the  content  of  copper,  those  containing  certain  quantities  of  it  I 
being,  as  a  rule,  the  strongest  and  most  capable  of  resistance.  I 
1  he  tin  can,  however,  be  also  considerably  hardened  by  the! 
use  of  antimony,  and  such  bearings  are  frequently  used  at  the! 
present  time,  they  being  much  cheaper  than  those  containing  I 
copper,  though  they  are  not  so  strong  and  generally  quitel 
brittle,  so  that  they  frequently  break. 

In  the  annexed  table  will  be  found  the  compositions  of  the  I 

more  frequently  used  compounds  for  bearings.  From  the  1 

many  receipts  given,  those  have  been  selected  which  dittei  in  I 

regai d  to  hardness  and  wear.  As  will  be  seen,  iron  is  od}  I 

used  in  rare  cases,  and  the  compositions  containing  lead  j 

but  little  application,  experience  having  shown  that  |h  I 

strength  of  the  alloy  is  considerably  decreased  by  &u  ndditi  j 
of  lead, 


modern  times  bearings  of  soft  metal  are  freq' 

P  by  such  as  consist  of  a  metal  whose  hardness 
equal  to  that  of  which  the  axle  is  made,  phosphor-bron* 

so  ha  1 n  Td  f°r  this  PurP°se,  as  it  can  be  readily  obh 

steel.  (  tT  °  e<1Ual  hl  that  resPect  an  axle  of  wr0Ught  °! 
serves  sot  ’s  *ben  used  in  a  very  thin  hhcl 

wear  on  the^q  t0  fiU  °Ut  the  sma11  interspaces  f°rme 
an  alloy  0f  tin  "  an<^  bearing,  the  latter  consisting  | 
able,  are  rather  ^  ^ea(^-  Such  bearings,  though  ^el- 
machines.  por  Pensive,  and  can  only  be  used  1° 
SmaU  machines  bearings  of  white 
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ly  preferred,  and,  if  tlie  axles  are  not  too  heavily 
loaded,  do  excellent  service. 

White  metals  for  bearings. 


Tin. 


German,  for  light  loads.  85 

82 
80 
76 
3 

heavy  loads  90 

Et$ish,  for  heavy  loads.  1 7.47 
„  mediumloads  76.7 
72.0 


Anti¬ 

mony. 


44 

U 

a 

(4 

u 


(4 

44 

44 


F°r  mills, 


(,leavy  axles  . 

For 

rev°lvingj 
'!5gS  of  Sreat  hard-i 
n^88  of  Sreat  hard-i 
(cheap)  ' 


For 


fylroads— 


44 

44 


ian  ,.„'h  an<1  Hanover- 

un<W  r+?ds  approved 

V,.  11  trip  lumviout 


«av 


heaviest, 
cold 


A^«<luyable . 

ma<|a  government  rail- 

Cft«ng  slide  valves, 

.  Curs  and  larger 

Homines .  . 
an  ?ad  car 
^  strong. 


'ad  cal’s,  harder  | 


rer 


Parts. 


Zinc.  Iron.  Lead.  Copper. 


-1.  76.14  — 


47 


5 

- 

7 

- 

8 

_ 

7 

3 

1 

2 

5.57 

_ _ 

5.62 

_ 

7.8 

_ _ _ 

2.0 

42 

3 

5 

- - 

2 

- - 

9.1 

4 

1 

_ _ 

6 

) 

_ _ 

2.5 

4 

— - 

8 

7 

3 

5 

— 

8 

_ 

5.57 

. — 

2 

3 

— 

5.6 

84 

— 

00 

— 

8 

80 

■  — 

^ bitt’s  anti-attrition 


'rflCtftl 


by  melting  separately 
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4  parts  of  copper,  12  ot  Banca  tin,  8  of  regulus  of  antimony 
and  adding  12  parts  of  tin  after  fusion.  The  antimony  i| 
added  to  the  first  portion  of  tin,  and  the  copper  is  introduced 
after  taking  the  melting  pot  away  from  the  fire  and  before 
pouring  into  the  mould.  The  charge  is  kept  from  oxidation  I 
by  a  surface  coating  of  powdered  charcoal.  The  “  lining  I 
metal”  consists  of  this  “hardening”  fused  with  twice  its  I 
weight  ot  tin,  thus  making  3.7  parts  copper,  7.4  parts  aiiti-lj 
mony,  and  88.9  tin.  The  bearing  to  be  lined  is  cast  with  a 
shallow  recess  to  receive  the  Babbitt  metal.  The  portion  to 
be  tinned  is  washed  with  alcohol  and  powdered  with  sal 
ammoniac,  and  those  surfaces  which  are  not  to  receive  die 
lining  metal  are  to  be  covered  with  a  clay  wash.  It  is  ^ 
w  aimed  sufficiently  to  volatilize  a  part  of  the  sal  amnQ(l"'ac 
and  tinned.  The  lining  is  next  cast  in  between  a  f°Iiner’ 
which  takes  the  place  of  the  journal,  and  the  bearing. 

b  bunders  often  prefer  to  melt  the  copper  first  h1  a  l1'1 
bago  crucible,  then  to  dry  the  zinc  carefully,  and  immerse  *  < 
whole  in  the  barely  fluid  copper. 

k  small  percentage  of  aluminium  added  to  Babbitt 
gwes  very  superior  results  over  the  ordinary  Babbitt  !’ 

5  boon  J  i  i  ,  ,  .  .  1  _ :  1 11  m  Up1 


*  iTOuus  over  me  oranmi  \ 
ti  een  ^0Und  that  the  influence  of  the  alum 

bile  Orrllimr.,.  A* 


me  mnuence  oi  me  aiu.*- - 

Th0rd,,lary  Antimony-copper  Bobbitt  is  to  very  co»*’ 
alloy lnUtaW  tKe  duraWlity  and  wearing  properties" 

patented  hy]\u  Bi'b',itt  m'3t“l  (plus  aluminium)  ll*  , 
comber  ,,  ksn  ndw  Cadman  (U.  S.  patent  464.1*. 
from  i  to’ 2  5  2'  ,A,Uimony  7.3  parts,  tin  89,  copper 
yuts  uluminium. 


3.7 'V1 


Kingston's  metal  f0  UniU 

by  melting  <)  parj8°rmorly  much  used  for  bearings, 
adding  108  parts  of  ^  CoPPer  with  24  of  tin,  reined 

llld  finany  0  of  mercury- 


is 


na 
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Mon's  alloy  for  axle-boxes  for  locomotives  and  wagons  con¬ 
sists  of  zinc  80  parts,  copper  5J,  tin  14£.  This  alloy  may  be 
recommended  as  regards  cheapness  and  lightness.  Experi¬ 
ments  have  shown  that  boxes  of  this  alloy  require  but  half  as 
much  oil  for  lubricating  as  others.  The  components  can  be 
melted  in  an  ordinary  iron  pot,  and  the  alloy  is  less  difficult 
to  work  than  brass. 

Dewrance's  patent  bearing  for  locomotives  consists  of  coppei 
parts,  tin  6,  antimony  8.  A  locomotive  of  the  Livei  pool- 
Manchester  railroad  ran  over  4500  miles  without  the.  bun  & 
requiring  repair. 

Alloy  for  antifriction  brasses. — Zinc  80  parts,  tin  14,  11 


.  nickel  1. 

Alloy  for  metal  stopcocks  which  deposits  no  ictdij 

-  parts,  tin  21,  copper  7.  o  a  zinc 

white  metal.— Tin  53  parts,  lead  33,  copper  -y  ^ 

-  antimony  10.6.  The  specific  gravity  of  this  a  n 

it  melts  at  290°  F.  recommended  by 

A  composition  of  white  metal  for  machine.  ^t[raony  Xo. 
'acoby  consists  of  copper  5  parts,  tin  85,  a  ^  24  parts, 

Hoyle's  patent  alloy  for  pivot  beat  ings  c  stand  friction 

lead  99  1  ,.  (i  n  is  claimed  < 

and  antimony  6.  tv  mposition. 

"ithout  beating  longer  than  any  ^  ^ie  following  alloy  s 

i11  the  factory  of  H.  Roose,  °f 

llG  Used  for  white  metal  hearings 

parts. 


Tin 


. . 

Copper  .  .  •  •  • 
Antimony  •  •  ' 
20 
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C.  B.  Dudley,  during  his  more  than  fifteen  years’  experienJ  I 
in  the  laboratory  of  the  Pennsylvania  Railroad  Company  has  I 
analyzed  many  bearing  metals  under  various  names.  Some 
of  these  analyses  are  given  as  follows  :* 

Camelia  metal. — Copper  70.20  per  cent.,  tin  4.25,  lead  14.75 
zinc  10.20,  iron  0.55. 

Anti-friction  metal. — Tin  98.13,  copper  1.60,  iron,  trace. 

White  metal. — Lead  87.92,  antimony,  by  difference,  12.08. 

Metal  for  lining  car  brasses. — Lead  84.87,  antimony  15.10, 1 
tin,  trace. 

Salgee  antifriction  metal. — Zinc  85.57,  tin  9.91,  copper  4.01, 1 
lead  1.15. 


Graphite  bearing  metal.— Lead  67.73,  tin  14.38,  antimony 
16. 7o,  iron  not  determined,  graphite,  none. 

Carbon  bronze.— Copper  75.47,  tin  9.72,  lead  14.57,  carbon, 
possible  trace. 


Cornish  bronze,— Copper  77.83,  tin  9.60,  lead  12.40,  z111( 
tiaces  of  iron,  phosphorus. 

Magnolia  metal. — Lead  83.55,  antimony,  by  di tference,  1 
races  of  iron,  copper,  zinc,  and  possibly  bismuth. 

American  antifriction  metal.— Lead  78.44,  antimony  M 
Zlllc  6-08,  iron  0.65. 

leadO  31iWn2e'~C°PPer  59-°°>  zinc  38-40>  tin  i16,  ir0”  01 
Dm2  hr°!,Ze-'~Con^  75.80,  lead  15.06,  tin  0.*1- 

^zbrr^  ^ 

me(„!.17Se~C0PPer  °°-62> tin  9'58’  ““f 

°r  arsenic  0  67  °^er  8;l-24,  tin  10.98,  lead  7.27,  P  u 

A uti-f victim  metal  t 

^  •  Lead  88.32,  antimony  111*0, 

nklin  Institute,  February,  1892* 
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Harrington  bronze. .—Copper  55.73,  zinc  42.67,  tin  0.9/,  iron 

168. 

Car-box  metal— Lead  84.33,  antimony  14.38,  iron  0.61,  zinc, 

trace. 

Ex.  B.  metal. — Copper  76.80,  tin  8.00,  lead  15.00,  phos- 


Dudley's  investigations  finally  resulted  in  finding  an  alloy 
which  wears  13  per  cent,  more  slowly  than  phosphor  bronze. 
This  alloy  consists  of  copper  76.80,  tin  8.00,  lead  15.  rlo 
obtain  uniform  castings  0.20  per  cent,  phosphorus  is  add^d, 
l^ing  prepared  according  to  the  following  formula : 
il"1 105  lbs.,  phosphor  bronze,  new  or  broken,  60  lbs.,  tin 
9Hbs.,  lead  25i  lbs. 

I  *l!  siting  alloy  is  the  above-mentioned  Ex.  B  metal  of 
b  enusylvania  Railroad  Company. 


CHAPTER  X. 


ALLOYS  OF  COPPER  WITH  OTHER  METALS. 

In  the  preceding  chapters  the  alloys  of  copper  have  been 
described  which  on  account  of  their  easy  preparation  and  the 
abundance  of  the  metals  which  are  combined  with  the  copper! 
are  in  general  use.  There  are,  however,  a  number  of  other  I 
copper-alloys  which,  though  at  present  seldom  employed,  pos- 1 
sess  properties  deserving  attention. 

Copper-arsenic  alloys.  Arsenic  imparts  to  copper  a  ver)| 
beautiful  white  color  and  great  hardness  and  brittleness,  hi  I 
fore  German  silver  was  known  these  alloys  known  as 
copper ,  white  tombac ,  argent  hache,  Chinese  petong,  etc.,  'u  I 
sometimes  used  for  the  manufacture  of  cast  articles  "M 
were  not  to  come  in  contact  with  iron.  On  exposure  tot h I 
air  these  alloys,  however,  retain  their  white  color  ioi  a  I 
time  only  and  acquire  a  brownish  tinge.  On  account  of  I 
■well  as  the  poisonous  character  of  arsenic  and  the  did 

working  them,  these  alloys  are  very  little  used  at 
present  time. 

Polish' hlt<i’  bnUle’  lustrous  alloy  capable  of  taking  a  1  *•  I 

a  furnace  of  KOod  , ,  miXture  Ullder  a  surface  C°a  1 
arsenic  and  black  1UUglit-  Or  by  melting  copper  ^ 1  ^  lj 
part  calcium  °'’  by  meltin8  1G  PartS  fiA 

glass  powder  ‘  °  Ullder  a  cover  of  borax,  coal  < l' 
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0,-W  Moy,  An  addition  of  lead  to  copper  renders  it 
*r.nd  more  ductile.  Alloys  of  copper  and  lead  are  «  - 
,,,  ,o  separation  or  liquation,  the  lead  separating  on  and 

leaving  the  copper  in  a  porous  mass,  especially  it  the  a  3  ' 

not  quickly  solidified.  In  preparing  the  alloys  the  copper  is 
melted  down  under  a  cover  of  charcoal  dust,  the  file  * 
made  as  hot  as  possible  and  the  lead  quickly  intioducc 
the  overheated  copper.  As  soon  as  all  is  melted,  stir  sev 
times  with  an  iron  rod  to  make  the  alloy  homogeneous  an  ^ 
quickly  pour  the  liquid  mass  into  cold  metallic  mould  ^ 
account  of  the  above-mentioned  liquation  it  is  ditlu  ul 
tain  faultless  large  castings  of  these  alloy's,  and  hence  ■  ^ 

Cl^t  into  thin  plates,  which  are  subsequently  rollc  ^  ^ 

^ets.  The  alloy  forms  a  metal  of  gray  color,  brittle,  &ni  o 
ktoe  affinity.  An  alloy  of  copper  4  parts  and  had 

^  USed  for  larSe  iUty  Guettier 

^or  sheets  and  plates  requiring  no  great  <  ult  •  por 

^commends  an  alloy  of  equal  parts  lead  an  15.16 

turd  solder  Domingo  recommends  an  alloy 

fer  cent,  and  lead  20.  ^  ^  alloys  in  the 

Copper-iron  alloys.  In  ancient  times  m  for  cast- 

f°rQl  °f  black  copper  appear  to  have  bcei  ^Qut  3500  years 
^  A  statue  of  Buddha  from  Hindustan,  _r>91  iron? 

0ld  contains,  according  to  Forbes,  91;o02 0.292 
silver,  0.005  gold,  0.079  ai sen  ’  ^  manganese.  An 
^soluble  matter,  and  traces  of  U  _  reat  strength,  \vhich 
all°y  of  copper  2  and  iron  1  PoSSC^  whUe  the  hardness  in¬ 
creases  with  the  increase  m  vro  >  copper  to  malleable 
leases.  An  addition  of  3  to  *  .tll  decreased  strength  ai 
gave,  according  to  Hol^r,  in  the  cross-section 

el°ngation  of  22.5  per  cent'  a 
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of  51  per  cent.  According  to  Billings  iron  with  2 
copper  gives  a  very  red-short,  dark  gray,  granul^Tl 
lowever,  according  to  the  more  recent  investigations  of  Ball 
and  Wingham,  copper  in  iron  is  not  so  dangerous  as  gene,* 
supposed,  and  the  red-shortness  ascribed  to  copper  may  be  dm 
to  sulphur  occurring  in  the  ores.  The  authors  named  found 

cupriferous  steel  stronger,  but  harder,  than  steel  free  from 
copper. 


^  Copper-steel—  A  few  years  ago  M.  Henri  Schneider,  of 
Gieuzot,  France,  took  out  patents  for  the  manufacture  of 
alloys  of  iron  and  copper  and  steel  and  copper.  In  the  patent 
specifications  it  is  stated  the  alloy  of  cast  iron  and  copper  can 
be  made  in  a  crucible,  cupola  or  open-hearth  furnace.  “The 
furnace  is  charged  with  copper  scrap  and  cast  iron  mixed 
between  layers  of  coke,  or  if  a  cupreous  coke  be  employed 
then  the  cast  iron  is  laid  in  alternate  layers  with  it,  and  a 
layer  of  anthracite  is  preferably  laid  over  the  whole.  The 
c}  thus  formed  contains,  generally,  from  five  to  twenty  per 
copper,  according  to  the  purpose  for  which  it  b  t0  ^ 
employed,  and  it  is  remarkable  for  its  great  strength,  tenacity 
and  malleability  properties  which  may  be  still  further  dc 
by  chilling  or  tempering.-  ' 

with  *ull0}  thUS  ^0rme<d  is  charged  into  the  bed  of  a  flirliaC 
steel  e  °r<Jmary  ingredients  used  in  the  manufacture  0 
tZ;  P  ;  b,y  Under  »  >“yer  of  anthracite,  to  avoid  ** 
early  a  sta  rnPortant  that  the  copper  be  introduced  !lt ' 

b«  introduSlZu  *  I>10CeSS  “  possible'  The  S!>i<'  all°5  '!!«- 

Uon.  or  it  mav  , ler  whlle  or  in  its  hardened  «* 

operation  of  m,  *  piepared  in  the  furnace  itself,  "'bert 
^facturiug  ‘ho  steel  is  carried  on.  I» 

1  •  S-  Patent  415,656,  Nov.  19,  1SS9. 


alloys  of  coffer  with  other  metals.  311 
,r«,  the  bed  of  anthracite  is  first  Prepared  and  the 


t„  Id  thereon  with  a  suitable  quantity  of  cast  or  pig 
The  whole  is  then  covered  with  anthracite,  m  ore  er  o 
pt  the  metal  from  contact  with  the  air  during  fusion. 
%  the  charge  is  melted,  the  excess  of  anthracite  is  ie- 
moved  and  successive  charges  of  iron  or  scrap  added, 
operation  being  then  continued  in  the  ordinary  iiav, 
ring  taken  to  continually  protect  the  hath  from  oxidatic  1 
h  means  of  a  layer  of  slag  or  cinder,  which  may  he  renew  e 
'required,  and  also  to  prevent  red-shortness  in  the  meta 
"rt  the  final  introduction  of  the  recarbonizing  an<l  mang 
aiferous  silico-spiegel  iron  or  ferro-manganese. 

Ihe steel  produced  by  this  means  contains  from  two  to  f 


■  -cnt.  of  copper 


It  is  s 


•“  stated  in  the  patent  specifications  that  the 
Jfid  with  copper  are  especially  useful  in  the  mane 
bailee,  armor-plate,  gun-barrels,  projectiles  and  for  o  ier 
iary  purposes,  or  in  the  manufacture  of  commerce 

u  etc.* 


U  V 


J  1  *1  ■ 

'  ’cw  of  the  remarkable  elastic  limit  of  coppe  . 

■laming  at  the  same  time  a  very  considerable  cl o  gat, on, 

F-  Lynwood  Garrison  t  is  of  the  opinion  M  ^  ^ 

*JC  SUrP1'ising  if  its  use  became  ver>  exte  -en  steels 

toe  advantage  of  aluminium,  nickel  an 

{'ng  cheaper  to  manufacture.  f  lis  the  cut  of 

li  1  •  Pure  zinc  ioui 

°ys  °f  copper  and  much  zinc.  ^  with  small  quanti- 

’  and  to  decrease  this  evil  it  b  '  Gf  both  metals. 

ft  to  10  per  cent.)  Of  copper  or  ,ron  w 

r*  10  188o  The  British  Pah 

•  S-  Patent  415,654,  Nov.  lh  h  doned  in  lSOO. 

la,569, 1888.  seem  to  have  been 
K)Ur.  of  the  Franklin  Inst.,  Sep  •’ 
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For  cheaper  bearing  metals  better  able  to  resist  friction  w}^.] 
are  harder  and  stronger  than  pure  zinc  and  have  but  a  slight 
coefficient  of  friction,  zinc  may  be  combined  with  tin,  a  little 
copper,  and  some  antimony.  The  annexed  table  gives  the 
composition  of  a  few  of  such  alloys  : 


Zinc. 

1 

Copper. 

Anti¬ 

mony. 

Tin. 

Lead. 

Iron. 

English  bearing  metal,  very 
good,  £  brass  . 

80 

5.5 

14.5 

— 

Same  for  rapidly  revolving 
shafts . 

76.14 

5.69 

_ 

17.47 

— 

Rolls  for  calico  printing  . 

78.3 

5.6 

— 

15.8 

— 

Metal  for  pump  cocks, 
which  does  not  deposit 

yerdegris . 

Pierrot’s  metal  .  . 

72 

83.33 

N 

2.27 

3.79 

21 

7.57 

■  3.03 

_ _ 

Ivniess’  hearing  metal 
Wagner’s  bearing  metal  for 
steam  engines 

40 

3 

— 

15 

42 

24 

0.5 

3 

18 

14.5 

0.5 

Dunlevie  and  Jones’  hear¬ 
ing  metal . 

52 

1.6 

0.4 

46 

l 

1|| 

Dunlevie  and  Jones’  bearing  metal  is  prepared  b}  *  ^ 
the  copper  in  a  crucible,  adding  ^  of  the  tin  and  the  an  ^ 
and  pouring  into  an  ingot-mold.  In  anothei  crU.  a( 
zmc  is  melted  together  with  the  rest  of  the  tin,  and,  a  ter 
ing  the  tirst  alloy,  the  whole  is  again  melted. 

Alloys  which  can  be  filed  are  composed  oi  zinc  ^ 
copper  1  to  10  ;  or  zinc  98  to  99.8  and  iron  0.2  to  -  i  ^ 

>  coppei  2.o,  and  iron  0.5  ;  or  zinc  68,  coppel  ^ 
Cvo-manganese-In  1840,  Gersdorff  prepare1  c"l’ 
ganese  with  manganese  1  and  copper  4,  and  shortly  J 
, '  lr,’tter  PrePared  it  with  10  to  19  per  cent.  , 

1S70  pS  *  m'Xturu  of  C0Pper  scales,  pyrolusite  ■>»  ^ 

form.  arS°n  °^tauied  ferriferous  cupro-mangancsC  *  ^  p 

anganese  in  a  crucible  and  adding  copped  flI1‘ ' 
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produced  cupro-manganese  tree  from  ho" 

*  -i  50  per  cent,  copper,  25  per  cent,  manganese,  and 

Crin.  By  its  content  of  manganese  the  altoy 

Berts,  in  a  manner  similar  to  that  of  pliosp  lorus 

inducing  effect  upon  the  oxides  absorbed  by  ^Hing  bronze, 

etc,  manganous  oxide  being  formed  and  separa  e  , 

with  a  moderate  addition  (3  to  6  per  cent,  of  the  weig  i  o  ^ 

charge)  only  small  quantities  of  manganese  reins  ^  ^ 

alloy,  the  strength  of  the  latter  being  thereby  inci  r  times 

reducing  purposes  a  quantity  of  manganese  about  ^  ^  ]arger 

larger  than  the  cheaper  phosphorus  is  required.  .  •  .jlov, 

addition  of  manganese,  so  that  more  of  it  lemains^  j0gs 
hardness  and  strength  are  increased,  hut 
raI'%  than  by  phosphorus.  ^  Bring  into  a 

( npro-manganese  may  be  prepared  as  to  ^  mixture  of 
graphite  crucible  of  about  35  to  60  lbs.  cupaci  }  j  ^  copper> 
N’dered  manganese  ore,  coal  dust  and  ^^rcoal  dust,  ex- 
glve  a  cover  of  fluor-spar,  common  salt  am  c  &nd  p0ur 

P°se  the  crucible  to  a  white  beat  for  severs  1  ^  strong, 
°Ut  fte  liquid  alloy  ;  the  result  will  be  a  a  reduction  up 

"hitish-gray  product.  By  reason  of  inc*°”  1  the  furnace  as 
tf|  b*  per  cent,  of  manganese  is  scorifi 

Wel1  as  the  crucible  is  strongly  attackc<  •  in  a  reverbera- 

T°  partly  overcome  these  evils,  Allen  of  cupric 

tory  furnace  with  regenerative  tllU^  obtained  from  1 16 

°xi^  coal  and  manganic  oxide,  the  >  t  in  the  - 

^ganiferous  liquid  resulting  as  a  ^^^^ous  carbom  ^ 
heture  of  chlorine  or  P^P^0'  n  ftUoy  containing 
«'e  result  being  a  malleable ;  d-*^imed  to  1—  «" 

i)°r  cent,  manganese, 

toUghness  than  copper- 


Valenciennes  reduces  pyrolusite  in  a  maen^„ 
lined  with  pyrolusite,  and  melts  the  resulting  »*£*{ 
ganese  with  copper  to  alloys  containing  3  to  8  percent »!“’ 
ganese.  Such  alloys  are  soft  and  ductile,  while  with  12  toK 
per  cent,  manganese  they  acquire  a  gray  color,  are  hard ,») 
brittle,  and  more  readily  fusible.  By  an  addition  of  *, 
alloys  resembling  German  silver  are  obtained,  which  m 

ductile  cold  as  well  as  hot,  while  German  silver  has  always  ii 
be  worked  hot. 

Paikes  heats  i  to  100  parts  by  weight  of  manganese  ore 

with  50  parts  of  cupric  oxide  and  75  parts  anthracite  in  a 

covered  crucible  to  a  red  heat  six  to  ten  hours.  After  cooling 

a  friable  mass  is  obtained,  in  which  the  alloy  is  found  in 

small  globules.  rl  he  latter  are  separated  by  sifting)  ^ 
washed. 

ith  a  smaller  content  of  manganese,  for  instance,  1  Per 
cent.,  cupro-manganese  has  a  copper  red  color,  with  a  W! 
ntent  (10  to  15  per  cent.)  a  yellowish-gray  color,  and 
laiger  content,  for  instance,  up  to  30  per  cent.,  a  £r<* 

According  to  Weiller,  an  alloy  with  8  per  cent.  nl 
ganese  enr>  _ w,  .  eent  ^ 


<A1J  Cll  1  KJ\  \\  ItH  <  ’  l  ^ 

ganese  can  be  readily  rolled,  but  with  12  to  15  per 

Comes  Verv  . 

ang 

Pufahl." 


J  Uut  YvlLIl  J. IP  J  1 

comes  very  brittle.  An  alloy  of  copper  75  and  manga** : 

resists  corrosirtw  „  f. 


^  •  -  copper  /•>  aim 

According  to 
P  manganese  contained 


CoK'  to 


‘Oil. 

1.29 

1.50 


Nickel. 
0.19 
0.10 


Lead. 

0.00 

trace 


Silicon- 
0.07 
1.08 


v/*  iv  Uttuc^ 

ganese,  serve^r^’  genorally  with  10  to  30  per  cent.  ^ 
impart  to  them  by  th^^-^011  t0  coPPer  or  metallic  all0' 
and  strength,  and,  with  Wl<jh<lrawal  of  oxygen  greater  ddls 

tlrger  content  of  manganese,  g11 
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ljrte  if  in  the  oxidation  of  the  manganese  trimangame 
KtKiide  is  formed,  1  part  oxygen  requires  2.585  parts  man¬ 
ganese,  but  only  0.646  parts  phosphorus.  Among  others 
ccpromanganese  serves  for  the  manufacture  of 
Manganese  bronze. — To  prepare  manganese  bronze  add  to 
ordinary  bronze  melted  in  a  crucible  under  a  cover  of  charcoal 
to  which  potash  or  soda  may  be  added,  small  pieces  of  cupio- 
fflanganese  previously  warmed,  heat,  stir  several  times  w  ith  a 
fol  ot  retort-graphite  or  of  burnt  wood,  and  pour  out  the 
%  I  °r  melt  first  the  copper  with  the  cupro-manganese  in  a 
crucible  under  a  cover  of  coal  dust,  then  add  the  required 
al|lhtir  thoroughly  with  the  graphite-rod. 

According  to  Cowles,  ail  addition  of  up  to  5  per  cent,  alu- 

‘"“'“m  increases  the  strength  and  elasticity  of  manganese 

,  •  4+  o  cilver-wlnte 


'nze>  lriakes  it  more  easy  to  cast,  and  gives  it  a  sih  e 

"  aiunce.  An  alloy  of  manganese  18,  copper  67.5, 

q.)  -i.  .  _  .  •  i  ennerior  to  uei- 


„  J i  - -  — 

-t  silicon  5  and  zinc  13  is  said  to  be  superi  ^  ctrpcal 
n  silver  for  the  manufacture  of  rheostats,  and 

is  claimed  to  be  41  times  greater  than  that  *  P 
:  %  remelting,  even  under  a  cover  of  coal,  mang 

'  of  almost  a  brass- 

ough,  malleable  manganese  bronze  75  to  76, 

n'  c°lor  contained,  according  to  manganese  4, 

‘We  1G  to  17,  zinc  5  to  6  ;  or  copper  > 

‘Cl-  >  rties  of  manganese- 

statements  regarding  the  ,^eregqng  to  find  in  this 
,llze  Vary  considerably-  ^  Messrs.  Montefiore  Le\i 

llnection  that,  about  the  year  ’iments  with  copper  and 

‘fl  *W  made  a  number  of  eM  ^  conCluded  such 
Hn?anese  alloys,  and  fr°mobtained  great  tensile  strength 
^(,-s  to  be  useless,  fb  ^ 
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and  toughness  with  some  of  the  compositions,  but  their 
oxidation  at  high  temperatures  made  the  qualities  0nw 
ings  uncertain  and  impracticable. 

More  recent  experiments  are,  however,  more  favorabl 


In- 


According  to  Biermann,  the  most  advisable  addition 

bronze  is  f  per  cent,  manganese  =  2f  per  cent,  cupro-mangi 

nese  with  25  per  cent,  manganese ;  in  many  cases  an  additioi 

ot  0.5  to  2  per  cent,  cupro-manganese  suffices,  the  alloys  thee 

containing  only  a  few  per  cent,  of  manganese.  Whili 

good  qualities  of  ordinary  bronze  broke  under  a  pressure 

oJ.t>  lbs.  per  square  millimeter,  bronze  with  §  per  cent,  manj 

ganese  stood  a  pressure  of  62.15  lbs.  with  an  elongation  of  20 

per  cent.  On  account  of  its  great  homogeneity  such  niangi 

nese  bronze  possesses  great  resisting  power  against  weai  b 

friction ;  bearings  of  bronze  with  £  to  §  per  cent,  inangaue 

being  much  more  durable  than  other  bearing  metals  \v ithoui 

manganese.  An  alloy  of  copper  80,  cupro-manganese  7  1 

tin  6,  and  zinc  5  has  proved  especially  suitable  for  bearin: 
metal. 

Manganese-brass.  According  to  Parkes,  copper  70,  nulUr  I 

IleSe  30  and  zinc  20  to  30  give  a  silver-like  alloy  which  caf 

Ka  _ 1 


- -  V  U/  Oil  >  VJ-  A 1  v  1/ 

e  forged  and  r°Hed  at  a  red  heat.  If  the  alloy  is 


not 


is: 


1  d  to  stand  a  high  temperature  the  composition 
Per  49,  manganese  21,  iron  5  to  10,  and  zinc  5  to  10- 
ennij  tl,e  anmj  tp{,  f0jjowj,  comp0sition  is  sll'tJ  ■ 
Coi-per  7,  manganese  3,  silver  1  to  2. 

°°PPer  «5.  manganese  25  and  zinc  10  -»<*  - 
e Ued  together,  or  copper  05,  manganese  15  to  20,  &  1 
ana  nickel  5  to  10. 

f)i4i 


Copper  and  tungsten  unite, 


in(r  x  T).  U  <11  III  tUIlgbtClI 

leimann,  to  an  alloy  with  10  per  cent,  tungsten 


w 
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^bines  hardness  and  elasticity  with  toughness,  and  is  suit¬ 
able  for  axle  bearings  and  telegraph  wires.  Tungsten-copper 
combines  also  with  other  metals.  Biermann  prepared  an  alloy 
with  iron  00,  nickel  23,  tungsten  4,  and  copper  5.  Accord¬ 
ing  to  Pufalil,  Biermann’s  tungsten  bronze  contains  copper 

95.39,  tin  3.04  and  tungsten  1.57. 

Copper-cobalt  alloys.  These  alloys  show  a  red  color  and  a 
fracture  resembling  that  of  pure  copper.  1  hex  aio  distin 
guished  by  great  ductility  and  tenacity,  and  can  be  foigtd 
and  stretched  in  the  heat,  but  cannot  be  hardened,  lho  au 
prepared  by  melting  together  copper  and  cobalt  in  a  unci 
under  a  cover  of  boric  acid  and  charcoal.  An  alloj  ca*. 

Nus,  which  is  attracted  by  a  magnet,  is  composed 
t2°  Percent.,  nickel  1,  copper  50.26,  and  iron  0.46.  t  is 
d.  while  an  alloy  containing  equal  proportions  <  t 
l,Pl>er  shows  a  white  color.  Alloys  with  1  to  <>  l"-'  ct"t 
l**alt  can  be  as  readily  forged,  stretched,  and  -  per 

I’por,  but  are  considerably  tougher.  An  a  y  jg  non. 
enf  cobalt  shows  especially  valuable  P10l  ^  like  iron, 
Sizable  and  ductile  like  copper,  elastic  am  ® 

^  "ill  no  doubt  be  applied  to  man>  P  ?  ^am,  is  an  alloy 
J)b<dt  bronze  of  Wiggin  &  Co.,  of  B  ^  possess  all  the 
^ °°PPer,  cobalt  zinc,  tin  or  lead,  and 

*  °Perties  of  pure  cobalt.  to  Oratzel,  an  alio)  oi 

magnesium  alloy*.  to  tombac  castings, 

Vr  and  magnesium  is  used  as  a< c  brittle  contains,  ac- 

"'hen  of  a  pale  red  color  am  ^  10.18,  aluminium 

'*  1  89.31,  mag1 


^rd 


,lillg  to  Pufalil,  copper  o—  '  0.07-  . 

it  .  ,  „  no  -Hid  no'1  magnesium  as 

nickel  0.21,  lead  0.08  ppor«dl.i  8 

A  .  Milovs  oi  ,  other  usual  cop- 

cording  to  Warren,  a*  ^  sUrp«ss 

general  propci  tie* 


% 

A 

r^rds 
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per  alloys,  which  can  be  more  readily  prepared.  An  all 
with  11  percent,  magnesium  has  a  brass-like  appearance  * 
very  brittle,  and  when  melted  together  with  copper  gives  al]oYS 
which  with  an  increase  in  the  content  of  copper  become  1<S 
brittle.  An  alloy  with  4  per  cent,  magnesium  resembles  an 
actual  bronze  in  appearance  and  physical  properties;  i|per 
cent,  magnesium  makes  the  copper  somewhat  lighter  in  color 
and  harder.  The  French  Societe  industrielle  et  commercial  dcs 
metaux  has  introduced  alloys  of  copper  with  iron,  nickel  and 
zinc-magnesium. 

Copper-antimony  alloys.  According  to  Held,  a  malleable 
golddike  alloy  is  obtained  by  adding  to  100  parts  of  melted 
copper  6  parts  of  antimony,  and,  when  liquefaction  is  com¬ 
plete,  some  wood  ashes,  calcareous  spar  and  magnesium  to 
remove  porosity.  The  alloy  is  said  to  be  stronger  than  gold. 

Melted  together  in  equal  parts  copper  anti  antimony  give  a 
hard  combination  of  a  beautiful  violet  color  suitable  for  tine) 
articles. 


Mira  metal.  The  alloy  known  by  this  name  is  distin  ^ 
guished  by  great  resistance  towards  acids  and  is,  therefore, 
especially  suitable  for  cocks,  pipes,  etc.,  which  come  in  contaj 
' it h  ac'<i  liquids.  Mira  metal  contains  according  to  am  . 
sis:  Copper  74.755,  zinc  0.615,  lead  16.350,  tin  0.910,  n°n 
0,  nickel  and  cobalt  0.240,  antimony  6.785. 


CHAPTER  XL 


is 


aluminium  alloys. 

As  stated  in  the  general  review  ot  the  metals,  alum  in 
'tinguished  by  a  beautiful  silvery  color  and  gieat  streng 
is,  however,  especially  valuable  on  account  of  its  1(A  1 

‘:e  gravity,  which  is  about  that  of  glass. 

Among  the  alloys  of  aluminium  those  with  iron  and  c  f  1  ^ 

1  ef  special  importance,  but  before  entering  on  a  de-  1  . 

we  will  briefly  mention  the  beha'v  ior  of 
u'h  the  other  metals. 

Aluminium  unites  easily  with  most  ot  the  metal  ,  - 

riatlon  being  usually  accompanied  by  a  disengageme  ^  ^ 
lb  which  is  particularly  active  in  the  case  of  copi  ^ 

,ttdantimony  appear  to  be  the  only  metals  not  al  oyn  g 

The  practical  production  ot  alum^j^luminiunl 
;  or%  speaking,  not  a  difficult  operation.  le  with- 

‘ay  be  melted  in  a  carbon  or  magnesia-lmet  c  ^  foUg  to 
and  the  other  metal  simply  thrown  Jn 

'bottom,  melts,  and  is  absorbed  by  tic  ^  in  powder 

ne  cases  the  alloying  metal  must  together  in  a 

"‘th  finely-divided  aluminium  and  ma  the  case. 

>  crucible,  but  this  is  only  tollgs  and 

^  a  bar  of  aluminium  may  be  ta  melted.  This 

'f,1<1  Under  the  surface  of  another  m<  a  ntages  of  alu- 

^  best  method  of  introducing  small  1 

(310) 
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minium  into  other  metals,  unless  we  may  accept  the  addin, 
ot  a  small  quantity  of  rich  alloy  to  pure  metal,  thus  diluting 
the  percentage  of  aluminium  to  the  desired  quantity.  Mol 
ol  the  alloys  thus  produced  are  improved  by  careful  remelt] 
ing,  the  aluminium  seeming  to  become  more  intimately  coin] 
hined.  The  alloy  made  in  the  first  operation  is  often  no! 
entirely  homogeneous,  hut  becomes  more  uniform,  and  finally! 
perfectly  so,  by  repeated  fusion.  Very  few  of  these  alloys  will! 
liquate,  the  alloys  in  general  acting  as  a  single  metal.  Howl 
ever,  in  some  cases  where  the  alloy  is  not  of  a  very  definite  orl 
certain  composition  a  liquation  may  take  place,  leaving  as  a 
residue  an  alloy  with  different  proportions  from  the 
metal  running  off.  In  the  case  of  volatile  metals  they  can 
usually  be  driven  out  of  the  aluminium  by  keeping  the  alloy 

melted  and  exposed  to  a  heat  sufficient  to  drive  off  the  vola¬ 
tile  metal. 

The  properties  of  the  alloys  of  aluminium  with  the precio^ 

metals,  gold  and  silver,  approach  nearest  to  those  of  tlio|net‘ 

present  in  largest  quantity.  An  alloy  of  aluminium  !,°  Pa  . 
and  e-olrl  in _  i  .  .  J  ,,  .  <rol« 


“j!  8“’d  10  ecluals  in  hardness  a  corresponding  alloy  of  Soi 


A  1  1,1  “tuuness  a  corresponamg  “iivv 

“  beautiful  ye"°"'  color-  *,  CM 

"'hat  harder  and  t  t  1>Ure  alummium’  except  that  it  1 
balances  fj  “  fln»  ^  »  is  used  in  ***\ 

Per  cent.,  the  aluminium  7“h  *  °0ntent  °f  ir°n 

same  time  brittle,  qq  °c°mes  more  refractory  aiu  ‘  ^ 
mutb  makes  the  metal  UUf°ductio11  of  0.1  per  cent,  d  ^ 


worked ;  it  breaks  brittI°  that  it  can  no  loI1?Cl 


7  even  if  1  11 

The  presence  of  a  small  W°rked  directly  after 

quantity  of  silic 


uni  gives  to 


alutf 


nil1' 
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„«  a  strong  crystalline  structure,  the  crystallization  being 
ttely  perceptible  on  the  surface  by  a  peculiar  net-like  ap- 
penance  of  the  metal. 

Aluminium-iron  alloys.— A  small  quantity  of  aluminium, 
by  changing  the  structure  of  iron  and  steel,  impio\es  theii 
length,  sensibly  increases  their  resistance  towards  corroding 
substances  and  atmospheric  influences,  and  lowers  the  fusing 
point,  for  instance  of  cast  iron,  making  the  castings  more 
form  and  denser — for  instance,  Mitis  castings. 

Speaking  generally  of  the  application  of  aluminium  to  t 
manufacture  of  iron  and  steel,  the  usual  amount  stated  to  c 
requisite  for  producing  good  results  is  about  t).10  p 
11  many  cases  this  would  be  too  little.  total 

^minium  steel— A  considerable  percentage  of  the  oa 
Induction  of  aluminium,  both  in  this  count i>  an(^  rpbe 

in  the  manufacture  of  iron  and  steel  ca  £  aju. 
JU’Cess  insists  in  adding  from  0.10  to  0.1  o  Pel ich  bjoW. 
!“lnium  to  iron  and  steel  just  before  casting,  The 

are  prevented  and  sounder  casting  ’  1  action 

Oeflcial  effect  is  due  in  part  at  least  to  th  ^  temperature, 
°  ^minium  upon  carbon  monoxide  at  a  between  the 

'  Action  which  has  been  demonstrate  1  -n  the  method 

"‘'tal  and  the  gas.  A  detail  of  manll^stingS  for  steam  and 

1  aPplying  aluminium,  especially  «»  dfld  to  resist  high 

'>  cylinders,  and  other  ^U"f,vtechnical  Journal,  A  o  ■ 

!>re,  is  reported  in  I>inSler  8 }  h  first  forming  a  mixtu ^ 

^No.„,  The  addition  fleeted  by  placmg 
4f%minium  and  iron,  wh.ch  «iiitbe  „  of  a  small 

I  Vt  quantity  of  heated  ,ad le  from  the to 

K  running  some  iron  ««*“  t0  stiffen-  Then 
Siting  until  the  mi3ttarC 
21 


322 


THE  METALLIC  ALLOYS 


be  operated  on  is  run  into  a  large  ladle  and  the  im  , 
ium  mixture  is  poured  into  it,  whereby  an  intimate  mixtu 
of  the  whole  is  effected.  For  220  lbs.  of  iron  to  be  opera  J 
on,  about  7  ozs.  of  aluminium  are  used.  The  iron  is  nJ 
poured  at  once  from  the  large  ladle,  but  is  allowed  to  stand 
until  it  is  orange  yellow  and  a  thin  film  begins  to  form  on  the 


surface.  As  soon  as  this  occurs  the  film  is  removed  and  the 
iron  is  poured.  The  mould  should  be  kept  full. 

According  to  a  paper  read  by  Mr.  J.  W.  Langley  at  the 
Glen  Summit  meeting  of  the  American  Institute  of  Mining  j 
Engineers,  the  practice  in  the  United  States  in  pouring  I 
ingots  is  as  follows  :  The  aluminium  in  small  pieces  of  i  or  1 1 
pound  weight  is  thrown  into  the  ladle  during  the  tappings  I 
shortly  after 'a  small  quantity  of  steel  has  already  entered  it- 1 
The  aluminium  melts  almost  instantaneously,  and  diffii^l 


u  ith  great  rapidity  throughout  the  contents  of  the  ladle, 
diffusion  seems  to  be  complete.  The  quantity  of  alunnm 
to  be  employed  will  vary  slightly,  according  to  the  kii 
steel  and  the  results  to  be  attained.  For  open-hearth  < 
containing  less  than  0.50  per  cent,  carbon,  the  aniou 
range  fi om  5  to  10  ounces  per  ton  of  steel.  1 01 
steel  the  quantities  should  be  slightly  increased,  viz-.  '  ^ 
ices.  lor  steel  containing  over  0.50  per  cell^‘ 
aluminium,  should  be  used  cautiously ;  in  general  bet** 
and  8  ounces  to  the  ton 

in  AlUmmum-C0PPer  alloys.— These  two  metals  unlte 

of  heytPr°P0rti0ns>  the  uni°n  being  attended  with  ^ 

1  heat,  which  b  amount- 


alloys  m  some  cases  is  very  large  in  am°lU 

ties  «cordi““ WUh  C°PPel'  Sh°W  Veiyd,®1yo< 
Alloys  com.  •  •  10  quantities  of  aluminium 

a'mng  kut  Httle  copper  cannot  be  used 


for 
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With  60  to  70  per  cent,  of  aluminium  they 
;;.MV  brittle,  glass-hard,  and  beautifully  crystalline.  W  hh 
percent,  the  alloy  is  quite  soft,  but  under  30  per  cent,  o 
aluminium  the  hardness  returns. 

The  usual  alloys  are  those  of  1.  2,  5  and  10  per  cent,  of 

iliiminium,  such  alloys  being  known  as  ahnnmiurii  bion~t. 

The o  per  cent,  bronze  is  golden  in  color,  polishes  ’well,  e<uts 

beautifully ,  is  very  malleable  cold  or  hot,  and  has  j-,ie 

trength,  especially  after  hammering.  1  he  7.5  pci 

,ronze  is  to  be  recommended  as  superior  to  tin  ->  1)C1 

:unze-  It  has  a  peculiar  greenish-gold  color,  which  ma  ^ 

er}’  suitable  for  decoration.  All  these  good  qualit* 

messed  by  the  10  per  cent,  bronze.  It  i*  flight  ^ 

i1'  'ts  polish  in  the  air,  may  be  easily  engrac  ed, 

ostieitv  much  greater  than  steel,  andean  be  sole  ere 

rl  solder.  When  it  is  made  by  a  simple  mixing 

'nts>  it  is  brittle  and  does  not  acquire  its  best  qua  i 
lif*  v  .  .a  ftpv  three  oi 

uwing  been  cast  several  times.  x  .  •,  niay  be 

it  reaches  a  maximum,  at  which  pomt  .  ^ 

'!"i  several  times  without  sensible  cha  g  uniformly- 

’i"gs0f  u]i  gjzeg  an(j  runs  in  sand  mo  ^  casting  Is  t*1'11 

ri  '-astinga  come  out  very  sharp,  b  made  at  the 

",J  suddenly  thickens,  small  off-shoots  then  sotlk  back 

!rH  Place,  into  which  the  metal  <*“/“  aVOiding  cavities 

easting  as  it  cools  and  ’  ifio  gravity  is  -  ^ 

N  that  of  soft  iron.  Its  stre.>g«  ^ 


gth  "  ie  t  tlie  same  heat  as 

>  -I'  k  may 
^el  and  then  ham”®®  makes  it  so 

it;  nvmPer111”  mnwii  into  wire.  -»-uj 

Mng  or  ripping-  a  may  be  ar 
not  foul  a  fde  aU 
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part  of  a  machine  which  is  usually  made  of  steel  on  v 
placed  by  this  bronze.  11  " 


ft* 


The  melting-point  of  aluminium-bronze  v? 


a  nes  slightly  with! 


" 

A\ 


the  content  of  aluminium,  the  higher  grades  melting  „ 
somewhat  lower  temperature  than  the  lower.  The  10 » 
cent,  bronze  melts  at  about  1700°  F„  a  little  higher  lb ' 
ordinary  bronze  or  brass. 

In  making  aluminium  bronze  great  attention  must 

to  the  quality  of  the  copper  used.  Ordinary  commercial  cop-1 

per  may  contain  small  amounts  of  antimony,  arsenic  or  iron. I 

’which  the  aluminium  can  in  no  way  remove,  and  which® 

aflect  very  injuriously  the  quality  of  the  bronze.  The  alu-j 

minium  bronzes  seem  to  be  extremely  sensible  to  the 

metals,  particularly  to  iron.  This  necessitates  the  e: 

ment  of  the  very  purest  copper ;  electrolytic  copper 

times  used  when  not  too  high  priced,  but  Lake  Superior 

generally  found  satisfactory  enough.  Even  the  purest  copH 

mo}  contain  dissolved  cuprous  oxide  or  occluded 

it  is  one  of  the  functions  of  the  aluminium  to  reduct  t 

oxides  and  gases,  forming  slag  which  rises  to  the  sur^' 

ea\ing  the  bronze  free  from  their  influences.  If  h'1  ^ 

in  the  C0Pper,  it  lowers  very  greatly  the  ductility  and  st** 

the  bronzes,  but  zinc  is  not  so  harmful.  . 

are  &^10uhl  also  be  taken  as  to  the  purity  of  the  a^11  | 

used  though  its  impurities  are  not  so  harmful  as  M 

ccuriing  in  similar  percentage  in  the  copper’  s 

“T  '  n'0,’e  C°PPOT  than  aluminium  is  used  in 
Yet  the  hr -  -  Wl 


4 

1 


°nzes  are  so  sensitive  to  the  presence  ot  h°'  ,^1 


;;Tn;iUm  with  as  small  a  percentage  of  this  metal 
is  not*  "I1'1  be  USed'  The  silicon  in  commercial  »l0'  J 

8  n°t  so  harmfu!  as  the  iron,  but  it  does  harden  tW 
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..ttaUvand  increases  its  tensile  strength.  The  “  Mag- 
u»d  Aluminium  Fabrik”  of  Hemelingen  gives  the 
iJimg directions  for  preparing  the  bronzes:  Melt  the  cop- 
vr  in  a  plumbago  crucible  and  heat  it  somewhat  hotter  than 
te melting  point.  When  quite  fluid  and  the  surface  clean, 
sets  of  aluminium  of  a  suitable  size  are  taken  in  tongs 
tnd  pushed  down  under  the  surface,  thus  protecting  the. 
iiiminium  from  oxidizing.  The  first  effect  is  necessarily 
drill  the  copper  more  or  less  in  contact  with  the  aluinin 
but  if  the  copper  was  at  a  good  heat  to  sta.it  with, 
•drilled  part  is  speedily  dissolved  and  the  aluminium  at 
:K(d  The  chemical  action  of  the  aluminium  h  then 
"■‘by  arise  in  temperature  which  may  even  reach  a  white 
at » considerable  commotion  may  take  place  at  first,  but 
Nu%  subsides.  When  the  required  amount  of  alumm- 
1  been  introduced,  the  bronze  is  let  alone  toi 
tll(11ts,  and  then  well  stirred,  taking  care  not  to 
dl"  the  sides  of  the  crucible.  Bv  the  stirring,  tl  » 

‘ ich  commenced  to  rise  even  during  the  alloying,  is  brought 
^°8t  entirely  to  the  surface.  The  crucible  is  then  a  _  e 
°f  the  furnace,  the  slag  removed  from  the  s^r  ace  '' 


1118  blclJJ!,  I  niay 

■!lnmer»  the  melt  again  stirred  to  bring  op  y  1  .g  y 
1  remai»  in  it.  and  it  is  then  ready  tor  neces. 


;iuaiQ  in  it,  and  it  is  then  —  ely  neces- 

m°Us  to  leave  it  longer  in  the  fire  than  is  only  to 

'  ’  ^So  any  flux  is  unnecessary,  the  lon*  ,  point  to  be 
t0vered  with  charcoal  powder.  The  1C  qUickly  as 
^  to  in  melting  these  bronzes  is  to  handl 

^‘ble  when  once  melted.  Q  or  three  remeltings 

^  with  ordinary  brass  or  bl°  1  mctals  appears  to  be 
‘■coded  before  the  combination®^  ^ualHies  When  the 


and  the  bronze  takes  on 
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alloy  is  thus  made  perfect,  the  bronze  is  not  altered  by  renie,| 
ing,  and  the  aluminium,  which  in  the  first  instance  remov 
the  dissolved  oxides  and  occluded  gases  from  the  copper, 
prevents  the  copper  from  taking  them  up  again,  and  so  keei 
the  bronze  up  to  quality.  If,  however,  the  bronze  is  kq 
melted  a  long  time,  and  subject  to  oxidizing  influences,  thd 
tendency  of  the  copper  to  absorb  oxygen  will  cause  some  loss 
ol  aluminium  by  the  action  of  the  latter  in  removing  fh| 
oxygen  taken  up,  and  a  slag  consisting  principally  of  alumi 
will  result ;  but  if  the  remelting  of  the  bronze  is  done  quickli 
and  the  surface  covered  with  charcoal  or  coke,  the  loss  froi 
this  cause  will  be  very  trifling,  and  the  percentage  ot  alumiJ I 
ium  will  remain  practically  constant. 

Dilution  of  a  high  per  cent,  bronze  to  a  lower  one  is  P1^ 
tised  on  a  large  scale  by  the  companies  which  produce  alumj 
ium  bronze  directly  in  their  reduction  furnaces. 


The  open 


:1b 


tion  is  said  to  consist  simply  in  melting  the  high  Pe 
bronze  in  a  crucible,  and  stirring  into  it  pure  copper  i 
required  proportions,  or  else  melting  the  two  down  t°ge  JL 
ae  hearth  of  a  reverberatory  furnace.  The  coml'iiud  ^  J 
1Um  thus  Hanses  the  added  copper  and  produces  a  k"el 
CeTlt  bronze  of  right  quality  if  the  high  percent-  b,(V 
ail<^  ^10  C0Pper  added  of  the  proper  quality 
course,  quite  certain  that  no  difficulty  can  occur  111  ll'| 

oth^q11111 10  a  l0W  l,er  cent-  bronze  to  increase  its  l*'11  J 
come  Llan  that  °f  iml)erfcct  combination,  which  rn»?  ' 
AW°Ue  °r  tW°  remdtings.  ,J 

until  the  mould  ^  1S  not  an  eas>'  metal  t0  ^ 
ium  bronze  sh  T  ^  ^amiliar  with  its  peculiarities-  ^ 
shrinkage.  jri c  -..  a*H,ut  twice  as  much  as  ,e oil 

'  ett,ng  and  this  contraction  in  cooling  ' 
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rtich  cause  the  most  trouble.  A  plumbago  crucible, 
K  lined  with  magnesite,*  is  the  best  to  use  for  melting 
lebronie,  the  melt  being  kept  covered  with  powdered  char- 
;  Dr.  Joseph  \V.  Richards  suggests  that  the  stirrers  and 
timners  used  be  coated  with  a  wash  made  of  plumbago 
ad  a  little  fire-clay,  as  the  contact  of  bronze  with  bare  iron 


»L- cannot  but  injure  its  quality.  The  crucible  should  not 

-  kept  in  the  fire  any  longer  than  is  absolutely  requiied  to 

•  •  .  • 

ring  the  bronze  to  proper  heat  for  casting.  In  casting  1  is 
f considerable  o'^vroT~>iorr''i'm  q  nctctrncr  Indie,  into  which 


tze  to  proper  heat  lor  casting,  m  ^  ~ 

iderable  advantage  to  use  a  casting  ladle,  into  which  the 
(®ze  is  poured,  which  is  arranged  so  as  to  tap  from  the 
This  effectually  keeps  any  slag  or  scum  from  being 


1  his  effectually  keeps  any  slag  or  scum  u  & 

angled  in  the  casting.  The  same  result  is  also  obtained  by 

lnging  a  large  basin  -  ffate’  which  18 

‘porarily  closed  by  £ 


iu  on  top  of  the  pouring  gate,  which  is 
idly  closed  by  an  iron  or  clay  stopper.  Enough  b 
en  poured  into  this  basin  to  fill  the  mould,  and  aftei  t  e 
-all  well  up  to  the  surface,  the  plug  is  vithdia 
nould  fills  with  clean  metal.  lor  very  smal  '  er 
ary  skim-gate  will  answer  the  above  puipose  , 

.s  the  tapping  ladle  is  preferred.  ^"ling 
nip-rods,  shafting,  etc.,  and  espccia  moulds>  which 

Iraw’  -  A — ~"G,V  m 


rods,  shafting,  etc.,  and  csp  * ;  moulds,  which 

ing,  are  cast  advantageous^  •  head  on  top  to  feed 
*  he  provided  with  a  large  ■  .  .  0f  plumbago, 


1  he  provided  with  a  large  sin  U1^.xture  Gf  plumbago, 
lsting  as  it  cools.  Rubbing  w  hh  '  from  sticking, 
i  and  oil  is  said  to  protect  the  iron  monl  - 

. i  fniiv  shrunk  by  calc  in 


ana  oil  is  said  to  piutc^  lcin_ 

.  mineral,  fully  shrunk  by  calci 
>  best  to  use  the  white  ")rwlal»  kiln,  and  then  ground 

he  highest  heat  of  a  ftre-br.ck  o  p  „r  molasses.  a 

I  made  into  a  stiff  P-te  ""  slowly  to  r^lness.  On  eooh 
is  carefully  lined,  and  then^  paste>  and  the  erne.  _ 

•  cracks  are  carefully  howover,  one  baking  ,ssu,hc.e„t, 

‘gain  ,  when  properly  ^  walL,  „f  the  crucible. 

1  linings  do  not  shrink 
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The  chilling  makes  the  bronze  soft  «  ,  , 

31'  T """ 

-  SO  t  castings  are  wanted  they  can  be  subsequent 
annealed.*  ' 

^  omas  D.  M  est,  the  author  of  “  American  Foundn  Prae- 
e’  *n  a  PaPer  on  “Casting  Aluminium  Bronze  and  other 
ong  Metals,  read  before  the  American  Society  of  Meehani 
cal  Engineers,  November,  1886,  says: 

■The  difficulties  which  beset  the  casting  of  aluminiuiu 
bronze  are  in  some  respects  similar  to  those  which  were® 
countered  in  perfecting  methods  for  casting  steel.  There* 
much  small  work  which  can  be  successfully  cast  by  me** 
in  the  ordinary  moulding  of  cast  iron,  but  in  pccuha 
Proportioned  and  in  large  bronze  castings  other  means:* 
extra  display  of  skill  and  judgment  will  generally  bereq"^ 
1  stlong  metals  there  appears  to  he  a  ‘  red  shortness  °r  ^ 
&  of  temperature  after  it  becomes  solidified,  at  "h  ^ 
y  e  tom  apart,  if  it  meets  a  very  little  resistance  t°  , 
rac  ion,  and  the  separation  may  be  such  as  cannot  be 
y  leeye,  hut  will  be  made  known  only  when  PrC?f’ 


aift 


i  ,  may  ue  sucji  as 

,  e  eye>  but  wil1  be  made  known  only  < 
allr  !POn  the  CastinS-  To  overcome  this  evil  and  to  111 
menIanCn  f°r  Sufficient  freedom  in  contraction,  »iucb  J' 
adont  T1  °ftCn  b<?  re(lllired  and  different  modes  nlUS 
with  is  t)tf>  SUlt  Varyi1^  conditions.  One  factor  °fte11 
lat  °f  the  ^compressibility  of  cores  or  parts  fo1' 

*^hb  MlNldjj  •  Tf0  rr ■  j.  till 

Applications  t  lst°ry,  Occurrence,  Properties,  <l  iyi 

^ition,  UevLT  "<Un*  Its  AUo>'s-  By  Joseph  W.  Bichat 
Bajrcl  &  Co.  an<1  Enlarged.  1896.  Philadelphia, 
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f  Stines  while  another  is  the  resistance 
ili interior  portion  ^  lienor  gurface  oppose  to  free- 

,gih  flanges,  etc.,  upon  t  generally  be 

j#  of  contraction  of  the  mass,  The  core  «  by 

*'  and  of  a  yielding  character.  This  s  ^  ^ 

,i{  rosin  in  coarse  sand,  and  filling  ie  ^  an 

liiders  and  large  vent-holes  as  possible,  an  J  when 

mods  of  iron.  The  rosin  would  cause  th  ^ 
heated  to  become  soft,  and  would  make  it  t  cl>  11  ca  v  ^  con- 
»re$sible  as  a  ‘  green-sand  ’  core  when  the  pressure 

Mion  of  the  metal  would  come  upon  it-  ^  .xble 

"%  means  of  dried  rosin  or  green  sand  coies  we  T 

“meet  almost  any  difficulties  which  might  arise  m  ou  lU_ 

rk  from  the  evils  of  contraction,  so  far  as  core  ^re 

Ut'l  For  large  cylinders  or  castings,  which  m  g 

ground _ -  i  ‘  awrpnt.’  a  hav-rope  woun 


r  large  cylinders  or  castings,  "  -  °  n(j 

round  cores  which  could  be  ‘  swept,  a  hay  P  pelding 
lIlifi  a  core  barrel  would  often  prove  an  excell  y  ^  ^n_ 
^ugi  and  allow  freedom  for  contraction  su  casting- 

no  rents  or  invisible  strain  in  the  body  o  ™  exterior 
i'r°vi(le  means  of  freedom  in  the  contracti  resistance 
°ns  of  castings,  which  may  he  supposed  ^  Pave  to 

dont  to  cause  an  injury,  different  nietl  patterns.  It 
’nployed  in  almost  every  new  toim  of  s  ^  Qf  a  suf- 

that  conditions  will  permit  the  n  ^  necessary  to 
ldy  yielding  character,  and  again  y)0]ts,  etc.,'  as  80011 
a'VaY  portions  of  the  mould  or  l°osen  udified.  In  any 
e  liquid  metal  is  thought  to  ha\  ^  in  a  casting 

1  there  may  be  invisible  rents  or  stran  ^  jt  fragile  or 

tgh  tension  when  cooling,  safficie^  nt  which,  from** 
■  Of  its  own  accord,  and  it  is  an  t  ^  closeSt  atte,ltl 
deceptive  nature,  should  eoi  ^  castings- 
1  interested  in  the  manufac  u 
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“  Llk6  COntrftCtion’  the  dement  of  shrinkage  is  oftel  , 
seriously  to  impede  the  attaining  of  perfect  castings  J 
strong  metals.  .  In  steel  castings  much  labor  has  to  be  J 
pended  m  providing  risers  sufficient  to  ‘feed  solid  ’  or  prevent 
‘draw-holes’  from  being  formed,  and  in  casting  aluminium, 
bronze  a  similar  necessity  is  found.  The  only  way  to  insure 
against  the  evils  of  shrinkage  in  this  metal  was  to  have  the 
riseis  laiger  than  the  body  or  part  of  the  castings  which  | 
the\  v  ere  intended  to ‘feed.’  The  feeder  or  riser  being  the  j 
laigest  body,  it  will,  of  course,  remain  fluid  longer  than  the 
casting,  and,  as  in  cast-iron,  that  part  which  solidities  first  j 
vill  draw  from  the  nearest  uppermost  fluid  body,  and  thus 
lea\  e  holes  in  the  part  which  remains  longest  fluid,  hit 
abo\  e  principle  will  be  seen  to  be  effective  in  obtaining  the 


end  sought.  It  is  to  he  remembered  that  it  is  not  practicable 

c  _  1  .  1  .  4  lnfUT 


chum  this  bronze,  as  is  done  with  cast  iron- 
cast  iron  ioll,  1  foot  in  diameter,  can  by  means  ot  a  tu<h“r 
niches  in  diameter  and  a  i  inch  wrought-iron  rod  be  m0' 


did  in 


x'vxyJL  chili  ci  f  mcii  wrougm-jiuii  -  — 
peifectly  sound  for  its  full  length.  To  cast  such  a  sol 
ronze,  the  feeding  head  should  be  at  least  as  largo it?I 
mietei  of  the  roll,  and  the  casting  moulded  ah°llt 


emu  uie  casting 

yarter  longer  than  the  length  of  roll  desired.  The 
length  won  la  ..  .  , 


me  lengtn  ot  roll  aesncn.  -  . 

«8th  would  contain  the  shrinkage  hole,  and  when  cut-’ 

t  m::tmg  W0Uld  left.  This  is  a  plan  often  ^ 
in!,,™  kl"S  0f  etc,  i„  east  iron,  and  is  done  1-f 


insure  „  ’  in  cast  iron,  ana  is 

lBure  asrainot  +u 

and  to  save  ti.„,  mab,lity  of  many  moulders  to  . . )(i 


feed  * 
foU»fl 


and  to  so,,  n  cU)lllty  of  many  moulders  w 

work  well  in  ^  lab°r'  A  meth<>d  which  the  writer 
*  ^-miniumawlllg  t0  aV°id  8hri“k«ge  in  ordinary  * 

be  filled  nr  °111Ze  Was  to  ‘  gate  ’  a  mould  so  that 

jiavt 


met 


uuecl  or  p0Ur  ,  gate  a  mourn 

lftl  as  dun  a  .  as  ffidckly  as  possible,  and 
4,8  It  Would  fl  1 

°w  to  warrant  a  full  run 


aluminium  allots. 
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,  n  vm.  disproportionate  castings  were  made  with- 

shrinkage  holes  would  surely  have  appeared  had  t  ie  me  < 

Tmetll"  works  well  in  our  ordinary  moulding  sands 
and ‘peels’  extra  well.  As  a  general  thing,  dispropoi  lona^  ^ 
castings  weighing  over  100  pounds  are  best  made  . 

instead  of  ‘  green  ’  sand  moulds,  as  such  will  permit  o  ^iod 
wk  and  a  duller  pouring  of  the  metal,  for  in  this  ^ 

tee  is  not  that  dampness  which  is  given  off  h°n  , 

and  mould  and  which  is  so  liable  to  cause  ( 

"hen  the  position  of  the  casting  work  will  permit  wU{c 
tornis  which  are  proportionate  in  thickness  can  b  ,eg 

'n  green-sand  by  coating  the  surface  ot  the  mould. 

"hh  ‘  silver  lead  ’  or  plumbago.  •  tjc  ele- 

h  rom  ‘  blow-holes,’  which  are  anotliei  cha  ^  t]iat  alu- 
nient  nkely  to  exist  in  strong  metals,  it  can  he  of  the 

^um-bronze  is  free.  Should  any  exist,  it  is  moUids 

"10ulder  or  his  mould,  as  the  metal  itselt  cure  good 

■0lmd  and  close  as  gold.  Sand  m0tl  ,  thoroughly 

*0lW  be  well  vented,  and,  if  °f  ‘  The  sand 

’lK‘nsand  mixture  should  be  used  and  ^  e  will  work 

0r‘ green-sand’  work  is  best  fine,  81,111  ‘  wQrk  the  nnxtme 
for  brass  castings.  For  ‘  ^  for  blacking  the 

Sho»>4  be  as  open  in  nature  as  Posslb^,ld  to  work  well  with 
use  the  same  mixtures  a- 

1881  iron.”  ,  rlv  to  the  best  Swed  sh 

Al  •  Faroes  simlla  •  Tt  works  best  at  a 

Aluminium  bronze  fo'-  ^perature.  omes  hot. 

»».  hut  at  a  much  excceded,  the  ^  ro)ling  js  „ 

erry  red  ;  if  this  is  111  u  rp^e  temPelrt 

‘Vt,  and  is  easily  crust10 


were 
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blight  rod  heat,  and  it  is  a  curious  fact  that  if  th 
orged  at  the  temperature  at  which  it  is  roiled 
crushed  to  pieces.  If  the  temperature  in  the  ^  " 

“  Which  *  is  ^ated  be  allowed  to  rise  too  high Th 
will  freauentlv  fall  o  •  hlSh>  the  broIia 

rolls  it  -ml  ‘  ‘  P  ^  ltS  °Wn  Wei8ht'  in  tk 
i^l  acts  very  much  like  yellow  Muntz  metal.  Asitta 

l  aTC  m°re  rapidly  than  C0PPer  or  iron,  it  has  to  be 
nealed  frequently  between  rollings. 

(  ^bowing  examples  of  rolling  are  given  by  the 

les  Electric  Smelting  and  Aluminium  Company:”  A 
et  of  10  per  cent,  bronze  about  IS"  x  If"  x  If"  was  rolled 
elgian  train  to  quarter-inch  rod,  at  one  annealing-  The 
'  Per  Cent  bronze  is  harder  to  roll  hot  than  the  10  percent, 
in  cold  rolling  just  the  reverse  is  true ;  a  piece  of  5  per 
.  meeting,  8  inches  wide,  has  been  reduced  8  gauge  nuro 
,  ben  r°Tlecl  cold  at  one  annealing ;  while  a  10  per ceU*' 
s  eet  could  not  be  reduced  more  than  half  that  number.  The 
for  rolling  can  be  best  prepared  by  casting  i*1  ',tU 
,  U  8  Previ°usly  rubbed  with  a  mixture  of  plumbago,  P'P 
C  a}’  !lnd  lard  oil*  The  metal  chills  very  quickly  and  ver) 
°,  CaStiugs  can  he  produced,  the  smoothness  depeu'1111' 

TO  percent  ^  SP°ed  °f  pourinS‘  With  cal’6  'jt  i* 

n  »  ’  ,Ionzes  can  be  easily  drawn  into  "'iie- 

rod  era  e’  however,  to  roll  the  5  per  cent,  to  quarter  * 
The  mi  !  10  Per  CeriP  t0  a  less  diameter,  and  anneal 

break  6  \  thUS  prePared  is  much  tougher  and  lesshabe 

Hedies  must  bo  very  hard,  or 
them.  'I’i  an  CSpw'li,U>'  the  higher  grades,  are  apt  ' 
iron,  bra®  6  SPe6d  °f  tl,e  draw  blocks  must  be  less  tl>»“ 
tion  must  i  >PPei’  <rer,llan  silver,  or  soft  steel,  and  the  n 
he  more  gradually  effected. 


1 

Aluminium  bronze. 

Tensile  strength, 
pounds  per  1 

square  inch. 

»KiMt  bronze  .  . 

11)  II  u 

9  II  u 

!,  “  “ 

8j  it  M 

‘1  “  u  •  • 

91,463  ' 

92,441 

96,434 

77,062 
’  71,698 

72,019 

60,716 
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llumiumm  bronze  is,  in  every  respect,  considered  the  best 
m  vet  known.  Its  high  cost  has  thus  far  prevented  • 
awiv'e  use  in  the  arts,  but  since  the  perfection  of  elec  .0- 
lytic  processes  for  the  production  of  aluminium,  the  cos  oi 

manufacture  has  been  greatly  reduced. 

The  following  results  were  obtained  at  the  South  B 
Iron  Works,  with  pieces  of  the  Cowles  Company  <ilh»>  > 

maw,  1886 


Elastic  limit- 


59, 815 
85,034 
51,774 
44,025 

45,537 


Elongation, 
per  cent. 

U 

2i 

1 

9 

9 

28* 

6 


Tlle  following  tests  were  made  at  the  W  ash1  S  ^  two 
Pieces  very  nearly  half  an  inch  in  chame 
between  shoulders  :■ — 

Elongati?11’ 

per  cent. 


1  ^ot.  bronze  .  .  1 

U 

114.514 

95.366 

u  •  • 

109.823 

 ■  ■  1 

Elastic  limit- 


69.749 

79.894 


0.45 

0.05 

0.05 


to  Thurston, 

e  by  fusing  togc  to  reduce  t\un  -  ^  RS 

ugh  carbon  and  ,d  bc  ns  tto*S 

he  other  *luccd  in  <*cess' 

d  the  carbon  >"* 


Out 
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Aluminium  brass.  An  addition  of  aluminium  n  - 
per  cent.)  to  brass  increases  its  strength,  toughness  aln  J 
ticity.  An  alloy  of  copper  60  parts,  zinc  30,  and  alumj J 
2,  made  by  the  aluminium  factory  at  Hemlinga,  J 
Bremen,  can  be  rolled,  forged,  stamped,  drawn  into  tubes  and 
wire,  is  suitable  for  bells,  strings,  etc.,  and  especially  J 
cartridge  shells,  they  being  not  attacked  by  the  gases  of  the] 
powder.  A\  ith  an  addition  of  8  per  cent,  aluminium  the! 
hi  ass  becomes  more  ductile,  acquires  a  more  beautiful  color,  j 
and  becomes  stronger  and  more  resistant  towards  caustic  I 
fluids.  A\  ith  over  13  per  cent,  aluminium  it  becomes  hard  I 
and  red-short,  and  acquires  a  reddish  color.  With  a  still  I 
greater  content  of  aluminium  it  becomes  very  brittle  and  I 
gray-black,  but  at  25  per  cent,  the  strength,  according  to 
Langhove,  increases  again. 

According  to  Kiliani  the  action  of  aluminium  upon  ha.  j 
IS  much  more  powerful  than  upon  bronze ;  1  to  3  per <*»l 
It  producing  nearly  the  same  effect  in  the  former  as  5  to  1 
per  cent,  in  the  latter,  so  that  aluminium-brass  is  the  eM* 
Compared  with  aluminium-bronze,  alumim11111 
has  the  disadvantage  of  greater  weight  and  of  being  »» 
readily  oxidized,  it  being,  however,  less  oxidizable  than  »»'»■ 
e  her  metals  used  at  the  present  time.  For  soft  brasa-a^ 

^  2  per  cent.  a,uffiinium  for  hard 

green  coat  of Ult  l  Whlle  in  casting  ordinary  brass  “  A 
Z7Z:lZ  l *  *****  **  -  addition  Of  only  J 
the  metal  itself  be^  SUlftlCe  remains  bright  and  lustl011  f  \ 

cent,  cine  ic  n .........  . .  ,"  ;l'  of  ...  . 

tent  of  zinc  exerts  an  lat  of  cast  delta  metal-  j)t> 

essential  influence  upon  the  M 1 
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.  (h„  smaller  the  addition  of  aluminium  must  be, 

r  l  r,"»  * ,» i,.«i  -  »«-  t-  b~ 

""  ■  .  o  r  i  er  cellt  aluminium  is  gencr 

ith  33  per  cent,  zinc  up  to  3.5  pei  cent,  a 

Uv  added,  and  to  brass  with  40  per  cent,  zinc  n  V 

cnt.  While  alloys  with  40  per  cent,  zinc  can,  Jithou 

otheir  content  of  aluminium,  be  forged  at  a  (  ai  ™  ’ 

hose  with  33  per  cent,  zinc  must  contain  at  lea.  "  . 

wit  aluminium  to  be  malleable  at  a  dark  red  to  ,K>""  y 
With  the  decrease  in  the  content  ot  aluminium  )ercellt. 
temperature  also  decreases,  so  that  brass  containi  g  ^  cent 
;llould  he  forged  only  hand-warm,  and  brass  wit  a]u_ 

eold-  Brass  with  33  per  cent,  zinc  and  0  ^  at  this 

®>inium  can  be  forged  at  a  dark  cherry-red  ^  hammer. 
Wmperature  ordinary  brass  breaks  up  undo.  ^rags  either  as 
The  aluminium  may  be  added  to  the  fus l^ninium  bronze. 
'Ut'b,  or  in  the  form  of  a  20  to  2o  pei  ccn^  ^  ^  a]uniimunl 

remelting  aluminium-brass  an  eniich  0f  zjnc.  Cast- 

place  in  consequence  of  the  volatdn^^  shrinkage  and 
Quires  experience,  on  account  of  ^  -nto  the  alloy- 
urination  of  froth  which  readily  P^^eg  brittle  and  the 
1  alloy  when  suddenly  cooled  c0jor. 

“K  exhibits  a  deep  golden  lu^'“  inium  brass  for  <  10  0  ‘ 

es«rs.  Cowles  recommended  a  ^  u 

purposes  :  ^  <  nining  PumpS;  ^^gUdc-faces, 

X  alve  and  valve-seats  ioi  ^  ftlla  *°rn]'*^ic  machinery, 

u^ler  great  pressure,  woi  g(.reWs,  W  ’ ‘  irking  under 

dng  machinery,  pim°n^  turbin°  "  l^etat  to  resist  the 
dging  machinery,  gat(!^  ^  and  While  alumin- 

1  head,  propeller  "\ne  ^^tougb  as  the  A  grade 


iarin° 

of  salt  water  in  1  ^  gtrong 
^rass  is  not  quit1 
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bronze,  yet  it  will  answer  nearly  as  well  for 
that  the  bronze  is  used  for.” 


many  purpoj 


The  ordinary  grades  of  aluminium  brass  have  about  85  J 

pounds  per  square  inch  in  tensile  strength,  with  nine  per  ceutl 
elongation. 


Cowles  Bros,  report  the  following  series  of  tests  made,  at  I 
theii  woiks  in  Lockport,  their  alloys  all  being  made  by  add¬ 
ing  zinc  to  aluminium-bronze : 


Composition. 


Aluminium. 

Copper. 

— \ 

Zinc. 

5.8 

67.4 

26.8 

3.3 

63.3 

33.3 

3.0 

67.0 

30.0 

1.5 

77.5 

21.0 

1.5 

71.0 

27.5 

1.25 

70.0 

28.0 

2.o 

70.0 

27.5 

1.0 

57.0 

42.0 

1.15 

55.8 

43.0 

Tensile  strength 
per  quare  inch  Elongation, 


(castings). 

per  eeut. 

95,712 

1.0 

85,867 

7.6 

67.341 

12.5 

32.356 

4U 

41,952 

27.0 

35,059 

25.0 

40.982 

28.0 

2.0 

68,218 

69,520 

4.0 

invent  •  S  ^  °nZC '  Tbe  alloy  known  under  this  name  i» 
invention  0f  Mr  t  ,  ,  •  Tt 

verv  stv  Joseph  Richards,  of  Philadelphia-  » 

copper  558parts  ^  ^  Sam®  *im®  cheap  all°y'  ^  Tfc 
This  alloy  is  j""®  42  or  43.  iron  1<  aluminium 

grained,  and  ha.  &  gol^en'3Tell°w  color,  is  exceeding ) 
Per  square  inch  strength  in  castings  of 

strong  brasses,  liowev  ^Gr  cent-  elongation,  bike  il  ^ 
bng  before  the  ordin  ^  refiuires  some  experience  in 
castings  with  these  ^^bd-worker  can  turn  out  untf°rl 
averages  50  per  cent.  ^lmUm  Properties.  The  worked  *>' 
Aluminiun^ni  ckeUopT^^' 

and  useful  alloys  are  number  of  reina^ 

by  mixing  aluminium  br°11 


I 
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„  nickel  in  various  proportions.  These  compositions  are 
j  l0  very  ductile  and  to  have  a  tenacity  of  from  t  o, 
turner  100,000  lbs.  per  square  inch,  with  about  30  ce.m 
elongation.  Tests  made  by  Kirkaldy  on  a  oy  s  o  *  ^ 

nature  made  by  the  “Webster  Crown  Metal  ComP“J'’ 
land,  give  results  ranging  from  82,000  to  over  1  > 

per  square  inch  with  20  to  30  per  cent,  elongation  . 

The  alloys  are  prepared  as  follows  :  *1  10 

«.  Copper  is  melted  and  aluminium  added  to  it  unt  ^ 

per  cent,  bronze  is  made.  There  is  then  added  to 
>er  cent,  of  an  alloy,  ready  prepared,  containing  • 

Copper  .  .  . 

Nickel  .  .  . 

Tin.  . 

Aluminium . 

Tl»  alloy  thus  prepared  would  contain,  as  repiesentei 

*"’°  extremes :  II. 

r  .  89.3  86*4a 

Nickel . *  *  ()  4  2.0 

Ti»  •  •  . •*•••;  io.o  io-2 

Alumi 


.  .  20  parts- 
.  20 

.  30  “ 

^  it 
.  i 


*1Uttunium . •  *  *  ed  in  the  usual  way, 

>K  I'he  two  following  alloys  aie  V1  J?  potassium  ami  so 

!ll^r  a  flux  consisting  of  eCtua*  . 
lUm  chlorides,  and  are  cast  into  hai>  • 


II. 


T 


I. 

Uickel  •  •  17  “ 

Aluminium  ...  1’^  1><U 

CopPer  *  ‘  ‘  .  66  “ 

Tin . 8’r> 

Tin  .  •  ’  _ — - - 

lOO  parts 

100  parts 

equal 

o  make  the  hron7e- , 

22 

parts  of  these  two  alloy: 

» 
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melted  with  copper ;  the  more  of  the  alloys  used  the  ha*| 
and  better  the  bronze.  The  best  mixture  is  of 

Copper . 

Alloy  1 . . 

Alloy  II . 8 


100  parts 


The  copper  is  first  melted,  then  the  alloys  put  in  together 
and  stirred  well.  As  iron  is  harmful  to  this  bronze,  the  I 
stirrer  should  be  of  wood  or  clay.  This  alloy  is  suitable  tor  I 
art  castings,  kitchen  utensils,  etc.,  or  anywhere  where  durabi  I 
ity,  hardness,  malleability,  polish  and  very  slight  oxidabilb  | 

are  required.  A  cheaper  and  more  common  alio}  1111  ■ 
made  of 

Copper . 91  Parts 

Alloy  I.  t 

Alloy  II .  .  .  .  •  5 


These  h\o  bronzes  would  contain  centesimal!}  • 


Copper  .  .  , 

Ti» . 

Nickel 

'  •  •  , 
Aluminium . 


poorer 

94.5S 

6.70 

3.# 

0.60 


0‘5- 


Rich  alloy 

.  .  85.36 

.  12.08 

.  1.36 

to  Possess  grel* ‘te  aU°y  “  said  to  withstand  oX,<^viW*' 

tions,  and  to  durahility,  capability  *°  is 

made  of:  °  1  ^igh  polish.  A  prelimim11' 


Copper  .  . 

Tin 

Bismuth  . 
Aluminium 

*  •  • 


200  r!1 
80 
10 
10 
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j  proper  is  made  by  melting  together 


Preliminary  alloy 

Copper . 

Nickel . 

Zinc . 


»  »  ♦ 


.  44  parts 

.  164 
.  70 

.  6H 


tw 


cc 


u 


The  final  composition  would  be  by  calculation  . 


Copper  .  .  . 
Nickel.  .  .  . 

Zinc . 

Tin . 

Bismuth .  . 
Aluminium 


55.67 

23.33 

20.50 

0.40 

0.05 

0.05 

100.00 


{ Anothi 


<0pper 
Nickel 
Ziuc  . 
Tin.. 


er  alloy  patented  by  Mr.  Webster  contains : 


Bis 


smuth 


AluminiUm . 


kf, 

Ofp; 


53  parts 

=  51.0  per 

cent. 

224  “ 

=  21.0 

it 

9  “ 

=  21.2 

(C 

i 

5  ‘ 

=  4.8 

u 

C 

=  0.7 

fcl 

=  0.7 

it 

100.00 

it 

**  m 


has  been  pat- 


S,t( — ’The  alloy  known  under  this  name 
England  by  the  Societe  Anonyme  La  kerro-Lic  ' 

Abe  patent  mentions  two  alloys  containing 

II. 

600  parts 
400 

4 


Coi 


I. 

Pper  .  .  900  parts 


Nickel 
AluminiUlu 


100 

II 


u 

tt 


u 

Li 


Would  give  in  per  cent. 


°pper.  .  . 
Mckel.  . 
Alum\nium 


I. 

89.84 

9.98 

0.18 

100.00 


II. 

59.97 

39.98 
0.5 

lt)0.00 
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The  first  of  these  alloys  is  the  one  to  which  the  name! 

Lechesne  appears  to  be  given.  In  a  description  of  the' 
manufacture  of  this  alloy  a  French  magazine  states  that  the 
nickel  is  first  put  into  a  crucible  and  melted,  the  copper 
stirred  in  gradually,  then  the  heat  raised  and  the  aluminium 
added.  The  alloy  is  heated  almost  to  boiling  and  cast  very ! 
hot.  It  is  claimed  that  this  alloy  is  equal  to  the  finest  Ger- ' 
man  silver,  being  very  malleable,  homogeneous,  strong  and 
ductile,  and  stands  hammering,  chasing,  punching,  etc., 
perfectly. 

1  he  following  alloys  are  recommended  by  G.  F.  Andrew 
as  being  all  very  hard,  fine-grained  and  showing  gua* 

strength. 


Nickel. 
211 
24 
S3 


721 

66 

55 


Aluminium. 

No.  I.  6, 

No.  II.  10 

Ko*  I]CI*  12 

No‘  II  has  the  color  of  ten  carat  gold  and  takes  a  * 

polish,  No.  Ill  has  a  beautiful  golden-brown  color;  ^°' 

similar,  but  richer  and  deeper.  These  alloys  may  hei'° 

very  useful  for  decorative  purposes. 

^ ouze-  An  alloy  known  under  this  name  is  c°n1^ 

w  01  4°’  aluminium  10,  copper  40  or  30. 

iron  Vo  lUe‘  "4  lns  all°y  contains  cobalt  35,  alunim11"11 
non  10,  copper  30. 

ium's  '  r! is  composed  of  nickel  20  parts-  a'1"' 

fW  d->~«ve  purposes. 

T-'sed  for  jewelers’  vork****’  10’  alumiuiUm  3°’ 

A  l uminium,  a  firm  t  ,  c 

Carol  1  (U  ft  p  t  \°T  ( ( 'lists’  JilUngS  patented  by 

V1  •  i  atent  475  qso  >T  1  3 

,682>  May  24,  1892.).  Silver  4- 
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..band  then  forms  an  amalgam  with  "lercuri. 


mdaanaineu  luuno  ^  iW 

Iky  for  type-metal  patented  by  Mr.  Thomas  *  ac 
(U. S.  Patent  463,427,  November  11,1891).  Lead  b->  pai  s > 
intimony  20,  and  10  parts  of  an  alloy  consisting  e  1 
[aits  of  tin,  copper  and  aluminium.  The  tin-coppei  aim 
n  alloy  is  first  melted,  the  antimony  added  to  it,  and 
arctiire  is  then  added  to  the  melted  lead. 

Aluminium  bronze  alloy  patented  by  John  A.  Jeancon  (l  ^ 
^ent  416,351,  February  10,  1891).  Aluminium  12  to  25 
Manganese  2  to  5,  copper  75  to  85. 

^■'Oiles metal. — The  alloy  known  under  this  name  to 
WS8  per  cent aluminium  2£,  tin  10  and  zinc  2- 
of  aluminium  and  chromium,. — With  chromium, 

_r"Ulu  fonas  a  beautiful  alloy,  which  can  be  prepared  >} 
operation  in  the  form  of  crystalline  needles. 

^nical  application,  and  is  here  simply  mentioned  or 

eof  completeness. 


All 


,  ^  »f  aluminium  and  tin.- An  alloy,  the  use  of  wine 
aimed  overcomes  the  difficulties  of  working  am  "c 
^  is  formed  by  melting  together  100  P«tB  ^ 
***10  of  tin.  The  alloy  is  whiter  than^alummm^ 

ljut  little  heavier,  its  specific  gravity  bom 

* . °nlul 


er,  its  specific  grav-j  inium,  and 

I  Stances  it  is  less  attacked  than  Pure<  special 

an  *  welded  and  soldered  like  brass  without  . 

Paration.  e  wiil  braze  as 

aluminum  bronze.— Aluminium-  vox  f  (zinC 

II  ^  any  other  metal,  using  one-quarter  bras 


ing  '  three-quarters  borax. 

<***.,  copper  50  per  cent.)  ami  *  aluminium-bronze 

'ottering  aluminium-bronze.— 1°  .  well  the  parts  to 

Ordinary  soft  (pewter)  solder -.Clean 
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1>C  joined  free  from  dirt  and  grease.  Then  place  the  parts(t 
be  soldered  m  a  strong  solution  of  sulphate  of  coni 
place  m  the  bath  a  rod  of  soft  iron  touching  the  parts  to  b, 
joined.  After  a  while  a  copper-like  surface  will  be  seen  on 
the  metal.  Remove  from  bath,  rinse  quite  clean,  and 
brighten  the  surfaces.  These  surfaces  can  then  be  tinned  by 
using  a  fluid  consisting  of  zinc  dissolved  in  hydrochloric  acid 
in  the  ordinary  way  with  common  soft  solder. 

Mierzinski  recommends  ordinary  hard  solder,  and  says  that 
Hulot  uses  an  alloy  of  the  usual  half-and-half  lead-tin  solder 

W ^  or  50  per  cent,  of  zinc  amalgam. 

Aluminium-bronze  for  jewelry  may  be  soldered  by  using 
the  following  composition 

Ha'td  solder  for  10  per  cent,  aluminium-bronze. — -Gold  SS.hS 
per  cent,  silver  4.68,  copper  6.44. 

'Ring  haid  solder  for  10  per  cent,  a l ununinw-bi ou~t 
54.40  per  cent,  silver  27.60,  copper  18. 

'  ofi  solder  for  aluminium-bronze.— Brass  (copper  70  per  ce^ 
m  o0  per  cent.)  14.30,  gold  14.30,  silver  57.10,  copper  1^°' 
for  l  °SSer  glVGS  tl)e  Showing  directions  for  preparing  s0^e 

amalgam  h^th^01^ 1  White  Solder  is  alloyed  WltI'  ** 
g  m  m  the  Proportions  of 


Holder 
Zinc  ainalgam. 


. .  4 

rpi  * . 1 

be  white  solder  mav  , 

B  *'  be  composed  as  follows 

7Ano  •  •  .  .  ’  ‘  *  *••...  40  22 

Tin-  .  2  2 

The  zinc  -  -  '  *  “  ’  ‘  ’  •  ■  8  4 


8 

1 


it  L  nmalgmri  i 

adding  1  part  of  m  ®  made  by  melt 

1^’  stirri no- 


18 

12 

30 

of  2 


ting  2  pai*ts  0 
>oolin» 


*ng  briskly  and  c 
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•i  Tuup  very  brittle  aboy  • 

•  1 1  Tt  forms  a  silver  white,  veiy 
jmckly.  Ittoi  powdered  zinc 

:  ^1  into  bars.  -  i  A  mib- 

ihm}  aluminium. — Although  strictly  speakmg  the  - 

Ki  of  soldering  aluminium-bronze  and  aluminium  (  o  .  ^  ^ 

WoBg here,  a  special  chapter  being  devoted  to 

i is  preferred  to  refer  to  it  in  this  place, 
from  the  articles  which  occasionally  appeal  in  the 
umals,  both  in  Europe  and  in  this  country,  and  the  patent 
appears  that  the  difficulties  ot  soldering  alum  ini 


n°f  been  entirely  overcome.  Some  ot  the  soldeis 

V 


introduced  without  comment. 

>Urey  s  aluminium  solders  are  composed  ot  > 


Zinc . 
Copper.  . 
^minium 


i. 

80 

8 

12 


II. 

85 

6 

9 


III. 

88 

5 

7 


IV. 

90 

4 

6 


V. 

94 

2 

4 


taking  these  solders  the  copper  should  be  melted  m  ’ 
Minium  then  added,  and  the  zinc  last.  Stearin 
"x  ^  prevent  the  rapid  oxidation  of  the  zinc. 

oietal  is  fused,  which  takes  place  very  clu  *  -n<y 
ti°u  should  he  finished  as  rapidly  as  possible  1  >  -110.0l- 

lass>  and  the  alloy  should  then  he  poured  into  <• 

(1  ,,f  non,  previously  rubbed  with  fat.  1  he  P1^  hened 
l(i(l  should  first  be  cleaned  thoroughly  ai  frag¬ 

ile  and  the  solder  placed  on  the  paifi>  ^  charcoal. 

the  pieces  being  supported  on  a  pieC  ^  ^  blast 
place  of  juncture  should  then  he  heate  ^  peering  tool 
!’•  The  union  is  facilitated  by  the  use  °  e  gUCCess 

duminium.  This  last  is  said  to  be  essentia 

dc  operation. 
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Alloy  I  is  recommended  for  small  objects  of ;  ,  I 
n  is  said  to  be  best  adapted  for  larger  objects  ^  *1 
work,  and  is  that  most  generally  used.  Th^l 
formance  of  the  act  of  soldering  appear  to  require  «  j 
experience,  but  the  results  obtained  are  said  to  leave  nothij 
to  be  desired.  Soldering  tools  of  copper  or  brass  should  j 
avoided,  as  they  would  form  colored  alloys  with  the  al»  J 
mum  and  solder.  The  skillful  use  of  the  aluminium  tool, I 
lowever,  requires  some  practice.  At  the  instant,  of  fusion  the  I 
1  eratoi  must  apply  some  friction,  and,  as  the  solder  melts  I 
^  er^  su4denh ,  the  right  moment  for  this  manipulation  mav  I 
he  lost  unless  the  workman  is  experienced.  * 

Bourboiue  s  aluminium  solder.  Tin  45,  aluminium  10.  If 
he  soldeied  articles  are  not  to  be  subjected  to  further  working, 
soldei  containing  somewhat  less  aluminium  may  be  used. 
Frishmuth’s  aluminium  solders. 


Silver.  .  . 
Copper  .  . 
Aluminium 
Tin  .... 
Zinc.  .  . 
Bismuth.  . 

Solder  No.  II. 


I. 

10 

10 

20 

60 

00 


II. 


95  to  99 
5  to  9 


on  account  „r  •.  “  *°  be  aPPlied  with  the  soldering  ir»  ^ 

1  S  Sreat  fusibility  it  appears  to  us  only  ‘  | 


after  soldering  are  not  to  be  suhjt^ 


^  -d.  articles, ;hic,;X 
to  further  heating. 

,he  -  l 

surface  of  the  melt  1  "  '  "  '  Pure  aluminium  is  melted. 

e  melted  metal  completely  covered  with  a  lfl.ver  ° 


rmg  me 


thod  llfe 


Ger 


maM  pate°t,  66,6 ;98. 
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,  ■  „i,l  acid  sodium  sulphate,  fluorine  combinations 
JJlof’aii  acid  reaction,  and  finally  a  small  quantity 
1  topp®  and  tin  is  added  to  the  melted  metal,  or  copper,  bis¬ 
muth,  tine  and  tin,  or  copper,  antimony,  bismuth  and  me 
or  copper,  antimony,  bismuth  and  tin.  lhe  coniposi  lor 

the  solder  varies  according  to  the  articles  to  be  soldered. 

For  wire  and  thin  articles  the  solder  is  composed  of  \ 
aluminium  95  parts,  copper  1,  tin  4.  The  4  parts  tin  may  be 

replaced  by  bismuth  2  parts,  zinc  1 ,  tin  1 . 

For  large  pieces  of  aluminium  and  aluminium  shuts, 
solder  is  composed  of:  Pure  aluminium  95  parts,  copper 
antimony  1,  bismuth  1,  zinc  1  ;  or :  Pure  aluminium 
:oPper  13,  bismuth  10,  antimony  15,  tin  2. 

•Schlosser  recommends  two  solders  containing  aluminii 
"pecially  suitable  for  soldering  dental  work  on  accoun 
resistance  to  chemical  action.  (  oppei  cannot. 

°"'edin  alloys  intended  for  this  use,  or  only  in  very  m^in 
ICant  quantity,  since  it  is  so  easily  attacked  by  acid  fooc ,  e  c. 
irice  these  two  alloys  can  probably  be  used  also  loi  a  urn 

1,11  dental  work,  their  composition  is  here  gh  en  silver 

^  'htinu'm  a  l  uminium  solder.  Gold  30,  platinum  , 


“luminium  100.  alu- 

aluminium  solder.  Gold  oO,  silt  1 1  1  •  IP 

-'!•  Thowless  has  patented  the  follow  is  com- 

11101  and  the  method  of  applying  i  ■  inium'2. 
i  Tin  55  parts,  zinc  23,  sflver  (ogethel.  the  tin 

lie  aluminium  and  silver  an  1  roetaujc  surfaces  to  he 
id,  and  lastly  the  zinc.  a)kali|  or  a  cyanide  so- 

eel  are  immersed  in  1 

,  10  237,  Aug.  29,  1885. 

*  F.ngU*h  paten  , 
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lution,  washed  and  dried.  They  are  then  heated  over  a  s  *  ■ 
lamp,  coated  with  the  solder,  and  clamped  together,  ml 
pieces  ot  the  alloy  being  placed  around  the  joints.  The 
whole  is  then  heated  to  the  melting  point  of  the  solder,  J 
any  excess  of  it  removed.  No  flux  is  used. 

C.  Sauer  of  Berlin  has  patented  the  following :  An  alloy  is 
made  of:  Aluminium  9  parts,  silver  1,  2,  3,  or  4,  copper  2, 3, 
4,  or  o. 


He  also  claims  the  above  alloy,  to  which  is  added  1  or *2 
parts  of  zinc,  cadmium,  or  bismuth,  or  even  a  fusible  metal 
such  as  food’s  alloy.  A  small  proportion  of  gold  maybe 
added.  In  making,  the  copper  and  silver  are  first  melted, 
melted  aluminium  added,  and  the  solid  zinc  last  dropped  in* 
In  using,  the  alloy  is  broken  small,  spread  between  the  sir 
faces  to  be  soldered,  previously  heated,  and  the  job'1  ^eD 
made  with  a  soldering  iron.  No  flux  is  required. 

Cliloiide  of  silver  lias  been  recommended  as  a  solder. 
finely  powdered  and  spread  along  the  junction 
S°  and  mehed  with  the  blow-pipe.  . 

yards’*  solder .  Mr.  Joseph  Richards  has  pa^'  ‘ 

small  "amoumtf8  T *  E“Sland  “  00mp0Siti°n 
soi  i  0  Phosphorus,  and  describes  as  pie  1 

solder  composed  0f 


Tin.  .  . 

Zinc  ..*'**  32  Parts  =  78.34  per  cent,  tin. 

Aluminium!  *  *  '  *  8  “  =  19-04  “  *,nC\ 

Phosphor  tin  *  '  *  ‘  1  “  =  2-38  “ 

•  -  -  ’  ••  phosphopl 


1  << 


0.24 


remelting  SOme  .  .  _  Doti 

and  it  was  infervo  i  , .  mis  solder,  a  liquation 

that  the  more  fusible  part  was  P^1 


,H8’  Ju,Y  5,  1892;  English  patent 


20,208- 
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„ ,(8u„v  for  soldering,  being  less  likely  itself  to  liquate.  It 
« therefore  analyzed,  and  found  to  contain  71.65  per  een 
ifc  corresponding  closely  to  the  formula  Sn4Zn  whic 
Todd  call  for  70.7  per  cent.  The  solder  as  now  made  con- 

ms  1  part  aluminium,  1  part  phosphor  tin,  H  Palts 
nl 29  parts  tin,  giving  it  71.2  per  cent,  oi  tin.  Tlie  sc '  e 
fc  easily  at  a  heat  attainable  with  a  copper  or  nickel  lx>^ , 
ill  possesses  great  ability  to  take  hold  on  the  metal.  ^ 
longli  that  if  a  joint  is  well  made  the  metal  i\  ill  br  eak 
the  solder.  It  is  very  nearly  the  color  ot  aluminiu  ^  ^ 

hrkens slightly  on  standing  some  time;  when  the  ai  1  ^ 
^constant  wear,  however,  the  solder  retains  its  hi  g  ^  rpjie 
^en  discolored  it  becomes  bright  again  by  1)0^  8 

to  be  joined  are  filed  or  scraped  clean  imme  1 
**  soldering,  then,  if  the  piece  will  allow,  ^ 

Ware  at  which  the  solder  melts,  and  the  edges  < 

■  rubbing  with  a  stick  of  solder.  H  the  w  .  ^  tinned 

"  heated,  the  edges  can  be  tinned  by  ^iea  ^ny  surplus 

k[  a^d  rubbing  in  the  melted  solder  bns^y-  while 

"^er  is  removed  from  the  edges  b\  a  '  together  in 

hot.  The  prepared  edges  art  the  ^  are  overlapped, 

%  Way  desired.  For  a  lap-joint,  tbe  ^°little  extra  solder 

tlle  soldering  bolt  passed  along,  an<  ,0>  it  is  necessary 

in  the  joint.  For  a  joint  at  «  must  be  rubbed  m 

lhat  ‘he  holt  be  shaped  to  tit,  “s  the  kjnd  is  to  be  used  either 
‘e11  at  the  edges.  No  Hu*  »f  il)g  a  lock  seam,  the  w  ges 
h  ‘he  holt  or  on  the  joint.  ®ith  the  solder  as  above 

,  'he  aluminium  should  1^  ^  else  the  >  ^  ^  pr£, 

teenhed  before  being  tl  >,  H>t-tin  does  n 

11,0  the  joint.  Common  s  " 
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paration,  because  the.  whole  sheet  .is  already  tin  , 

“*  «'«“ — hnJL 


CHAPTER  XII. 


TIN  ALLOYS. 


As  seen  from  the  alloys  previously  described,  tin  is  much 
sed  in  the  preparation  of  mixtures  of  metals,  and,  althoug 
&  in  itself,  it  has  the  property  of  hardening  man)  c)thei 
iriak  Tin  by  itself  is  actually  only  used  for  tinning  imn, 
for  casting  it  is  in  most  cases  used  in  the  form  of  an 


of  tin  and  lead.— Tin  and  lead  alloy  freely  in  all  pro- 

I’ons)  and  the  two  metals  are  frequently  found  associa 

l,,ire.  The  alloys  are  easily  made,  and  the)  genera 

'artniore  resistance  to  the  lead  without  sensibly  impairing 

qualities  of  the  tin.  It  would  not  he  impossible  to  ascer- 

tlm  Proportion  of  lead  in  the  alloy  by  the  behavior  of  tie 

a  chisel,  a  punch,  and  by  the  streak  it  ^  ' 

_  ’  1  .  _  4.,,  malleability  and 


he 

under  g 


1  Paper 


i  cmsel,  a  puncn,  anu  uy 

Lead  added  to  tin  increases  its  mallcabi  i  \  a 

t\£jb ~v.it  to  break 


neaa  added  to  tin  —  , 

Ut-V.  but  diminishes  its  toughness. 

_  .nnrfi  brittle  wnen 


after 


aimmisnes  ns  iougn»«»-  -  when 

successive  bendings,  tin  becomes  moic  tban 

d  with  lead.  The  fracture  is  then  more  nial  ^  ^  , 

*  l«ad,  whatever  maybe  the  proportions  in  ^ 


iea(L  whatever  may  be  t  in  but  re- 

ittet  met*l  easl,y  strongest  ’alloy  of 

l§-  however,  to  be  torn  asundei.  an(j  lead  1, 

d  lead  is  produced  by  alloying  th  1  Tyatson,  the 
of  this  alloy  being  8.  Accordmg  ^ 

ies  of  alloys  of  tin  and  lead  are  as 

(  349  ) 
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16 

8 

4 
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alloys. 


1 

1 

1 

1 

1 

1 

1 

1 


•  11.3 

•  7.2 

•  7.3 

•  7.4 

•  7.6 

•  7.8 

.  8.2 

.  8.8 


°}s  of  tin  and  lead  were  formerly  much  used  in  (I 
factuie  of  domestic  utensils.  They  are,  however,  n 
a^e  ^°r  purpose,  on  account  of  the  solubility  an 
P  "  nous  properties  of  the  lead.  Under  no  circumstauo 
'  dn  ollov  of  tin  and  lead  used  in  the  manufacture ( 

nestic  utensils  contain  more  than  10  to  15  percent,  of  led 
ch  an  alloy  is  not  sensibly  attacked  by  vinegar  and  fru> 
Unfortuuately  there  are  cases  in  which  the 
tin  contains  as  much  as  one-third  of  its  weight  of  b1, 
,  loys  containing  from  10  to  15  per  cent,  of  lead  have 
eautiful  white  color,  are  considerably  harder  than  Puret11 

oslc -IT11,  Cheaper-  Many  alloys  of  tin  and  lead  W* 
and  n  ’  UStrous  aPPearance  and  are  used  for  staged 
ially  i;i;r  ,f°r  reflecting  the  light  of  lamps,  etc.  Au 
Hants  rt°US  all°y  is  known  under  the  name  of  F«hlun  # 
parts,  lead  in  °r  staSe-jewelry  and  consists  »  j( 

the  “me  manner  ^  ‘S  poured  illt0  mouIds  f““  rtt, 

the  pieces  of  met  1  ^  arn°n<^S‘  ®een  iJ1  a11  ar^^cia  ^ 

^‘flect  of  diamonds  '^US  arc  so  brilliant  as  to  Pr0(ll 
portance  are  those  °th°f  all°?s  of  tin  and  leild  of 
dius).  Phey  must  *n  the  manufacture  of  toys^  , 

consequently,  as  tho  moulds  well  and  be  cheap  . 

6  USe  °f  S,'«P  iron  o'  t°  **  «-“■  of  lead  -  used-  » 

rass  moulds  such  an  alh1' 
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joed  castings.  Toys  can  also  be  prepared  from  type-metal, 
finch  is  even  cheaper  than  alloys  of  tin  and  lead,  but  has  the 
Advantage  of  readily  breaking  on  sharply  bending  tin 

articles. 

In  the  following  table  the  melting  points  ot  alien.''  ot 
and  lead  as  determined  by  Messrs.  Parkes  and  Martin 

V 

given 
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No.  S 


Use. 


1 

2 

3 

4 

5 

6 

7 

8 
9 

10 

11 


Lancets . 

Other  surgical  instruments 

Razors . 

Pen-knives . 

Knives,  scalpels,  etc.  .  .  ! 
Chisels,  garden  knives.  .  . 

Hatchets . 

Table  knives 
fe words,  watch  springs.  . 
Large  springs,  small  saws  .* 
Hand  saws 


io  .  .  . 

1-  Articles  of  low  temper  . 


Oil  boiling. 
1  4 


Melting 
points. 
Degrees  fl 


420° 

430 

442 

450 

470 

490 

509 

530 

550 

558 

600 

612 


Britannia  Metal. 

1  he  alloy  known  under  this  name  consists  principally  of 
tm  alloyed  with  antimony.  Many  varieties  contain  only 
these  two  metals  and  may  be  considered  tin  hardened  by  anti- 
mony.  Other  alloys,  also  called  Britannia  metal,  contain, 
e\ei,  in  addition,  certain  quantities  of  copper,  sometime 

Tl  OCCasionally>  though  rarely,  bismuth, 
i  16  eWterers’  c°mpany  of  England,  which  has  been 
mporated  society  ever  since  the  reign  of  Edward  !'■ 

wares  by  ^  regulate  the  qUaHty  f 

pewter  from  Jl g  enough  lead  to  bring  the  den.  t 

from  this  regukfro  °  !***’  .that  of  tirL  PersonS  'vh°  ‘^d, 

bot  it  has  been  ^  Were  liable  to  expulsion  from  the*  ^ 
effect  in  keeping-  u  *  ^tly  disregarded  as  to  have  very 

Britannia  metal  has"3  of  Pewter-  .  bllljsb 

torge,  and,  on  account  1  a  silvejT  color  with  *  jjsh 
which  it  retains  on  °  lts  hardness,  takes  a  h]ie 

i„  strength  t0  the 

ma  metal  slm«-o  „  ^  ”  sbghtly 


air. 

nia  metal  shows  a  ffro  ’aik'htly  surpasses  tin 

Kra>"ed,  jagged  fracture;  if  the 


Though  it ,sl1' 

Good  V» 


tin  alloys. 


353 


,  ite  coarse  and  strongly  crystalline  the  alloy  contains  too 
gal  antimony,  and,  as  a  rule,  is  too  brittle  to  be  worked  to 

Even  with  a  correct  composition,  the  brittleness  of  Biitannia 
metal  is  such  that  in  rolling  it  out  to  sheet  the  e  ges  gen 
►rally  become  full  of  cracks.  A  content  of  non  01 
increases  this  brittleness  to  a  considerable  extent,  a  \  fy? 

wing  an  alloy  to  be  rolled  out  into  sheet  or  to  he 
samped  articles,  great  care  must  be  had  to  ha\t  the  (  irl. 

used  entirely  free  from  iron  or  zinc.  A  content  11 

'■“creases  the  ductility  of  Britannia  met  a  ,  •, 

"hlitv,  which  is  one  of  its  most  valuable  properties^u^^ 

1(les  gives  to  the  color  a  strong  yellowish  cast. 

|  of  lead  is  of  advantage  especially  to  °hereby  and 

lv  used  for  castings  it  becoming  moie  -  ^  strong 

llg  out  the  moulds  better,  but  its  color  acq“UJ  lQge  their 
"uish  cast,  and  articles  manufactured  t  than  those 

*re  on  exposure  to  the  air  much  mou  1 

ltaining  no  lead.  t  nre  imparts  great 

large  content  of  antimony,  ^  gritannia  metal, 

(llless  and  a  permanent  brilliant  b  lTl0reover,  the  anti 

also  decreases  its  ductility.  ^  -tg  use  must 

'uJr  possessing  poisonous  properties  ^  employed  m  tlie 

especially  if  the  alloy  *  0  coffce  and  tea  pots, 

ails,  such  a.  reasons  the 


* of'  d^estie  «r**jT** 
need  scarcely  be  said  ^  and  besides,  . ^  ^ 


factui 


“  need  scarcely  *  ““  and  aud  nicies 

«y  must  be  free  from  ■  extrcmcly  br  on  exl,0sure 
"t  of  it  renders  the  a .  ickly,  csl>e°ia  timony  alone 


“  of  U  renders  the  a  .  ickiy,  espe  ‘  wtijnony  alone 
factored  from  it  of  *»  *,  R  composition  of 

1st  air.  Alloys  co  ^)reference>  ‘ 
l  seem  to  deserve  tl 
23 
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tin  00  parts,  antimony  10,  can  be  especially  recoram^  I 
regards  resistance  to  chemical  influences  and  1 
working.  '  ' 

1' or  most  purposes,  not  requiring  a  special  degree  of  hard 
ness,  this  alloy  is  the  most  suitable,  it  being  readily  fusible  1 
and  filling  the  moulds  out  well.  For  articles  subjected  d 
constant  wear  a  harder  alloy  is  required. 

The  following  table  shows  the  composition  of  several 
varieties  of  Britannia  metal : — 


Britannia  metal. 


English 


a 

Pewter. 

(t 
il 

Tutania  . 
Queen’s  metal 

Vienna u  . 

U 
It 


Parts. 


Malleahlo  (east) 

Birmingham  (sheet 

Karmasch’s.  .(CaSt)‘ 
Koeller’s .  *  * 

Wagner’s  (fine).  ; 


Tin. 

l  | 

Antimony. 

SI. 90 

16.25 

90.62 

7.81 

90.1 

6.3 

85.4 

9.66 

81.2 

5.7 

89.3 

7.6 

83.30 

6.60 

91.4 

_ _ 

88.5 

7.1 

72 

24 

84 

9 

20 

64 

48 

90.60 

7.80 

90.71 

9.20 

85.0 

5.0 

85.70 

10.40 

85.64 

9.66 

e.  Lead.  BM 


block  "Me  made  in  Sheffield  is  often  cA 

Dr.  Karl’  v***'  8ntimony  2S,  copper  8,  brass  8. 
ties  of  Britanni  lai8c^’  "  Bo  thoroughly  studied  tb 
alloys  is  7  3'><)  ..  n°Blb  says  that  the  specific  gra'^‘ 
He  ^plains  thi°r  Uminated  sheets’  and  7.301  ' 

under  the  action^,  fn°maly  hy  the  fact  that  the  ^ 

the  rolls,  have  a  tendency  to  beco 
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« softness  and  malleability  not  being  gv&A  eno 

,  regular  and  uniform  compression.  T1  ■  ■ 

^  fact.  M.  LeBrun  has  also  found  a  lower  specific 
pritr  for  certain  alloys  of  copper  and  zmc  winch  ha 
kminated  or  hammered. 

Britannia  metal  is  prepared  by  first  melting  the  copper 

then  adding  a  portion  of  the  tin  and  the  entiie  quantity 
■! the  antimony.  The  fire  can  then  be  quickly  moderated, 
^ the  new  alloy  has  a  much  lower  melting  point  tha 
ter. 


typer. 

111  last  quantity  of  tin  is  finally  added,  and  the  alkn 
iierruptedlv  ■  — i--  n  thoroughly 

V 


10Blogeneous. 

dtannia  metal  can  be  brought  into  determined  sbap  y 

■'^and  rolling,  which  will  be  referred  to  later  on,  but  i 

always  to  some  extent  brittle,  it  is  preferred  to  I’rtTay 

111  ^Wes  by  direct  casting.  To  obtain  clean  and  caa 
Pasting  . .  «,  _ ^illation,  it'  1S  fi 


muty  oi  tm  is  nnauy  auueu, 

stirred  for  some  time  to  make  it  thoroug  y 


^ uy  direct  casting.  xu  •  -  best 

f<l>tlngs,  requiring  but  little  after  manipulation,  i  ^ 

ljrass  moulds.  Before  casting,  the  moulds  i  j 

l*i.  .  .  ..  . div,  o  cnecial  coaui't. 


rt!*  moulds.  Before  casting,  rue  .  t:na; 

yv  Wed  and  the  interior  lined  with  a  ‘  d  by 


B«ated  and  the  interior  lined  *»"  “  .■  .  bv 

,rcv«M  the  alloy  from  adhering.  This  is  ^  ^  by 

ls°f  a  mixture  of  lamp-black  and  oil  of  tulPe"  ^  roore 
"Ma'k  alone,  and,  though  the  first ^T^espeoially  for 
aild  convenient,  the  latter  is  prt  c  ^  coated  as  to  Le 


6  aud  convenient,  the  latter  is  preteiau  ,  ^  ^  to  be 

fine  articles.  The  moulds  can  e  ^  >  similar  to 

tiful  and  uniform  by  using  an  oidinam  hoiding  the 
lrit  lamp,  filled  with  oil  of  turpentine.  ;t  becomes 

■Would  over  the  dull  th'nl°  °  ,  tdack  soot,  uhii 

*  with  a  delicate  film  of  a  prevents  the 

>*  it  preserves  all  the  fine  lines  ol 
V  horn  adhering. 
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Instead  of  lamp-black,  some  manufacturers  use  finely  M 
triated  reddle  or  red  chalk  mixed  to  a  uniform  mass  with 
water.  With  moulds  having  many  small  and  at  the  sal 
time  deep  turns,  it  is  difficult  perfectly  to  coat  the  inside  with 
the  protecting  mass,  and  the  coating  with  lamp-black  is  de¬ 
cidedly  to  be  preferred. 

W  ith  ordinary  moulds  it  is,  of  course,  impossible  to  cast  an 
article  which  is  to  have  a  certain  shape,  in  one  piece, 
different  parts  are  consequently  cast  separately,  and  s 
quently  put  together  with  a  solder  of  a  color  as  nearly  like 
that  of  the  metal  as  possible.  Such  articles  can,  however,  he 
also  cast  in  one  piece.  We  will  take,  for  example,  an  artida 
frequently  made  of  Britannia  metal :  a  coffee-pot,  whose  shapl 
is  such  that  it  must  consist  of  several  pieces.  1  o  cast  it  'nj 
one  piece,  the  mould  must  be  so  constructed  that  it  can  be! 
completely  removed  from  the  finished  castings.  j 

The  separate  parts  of  the  mould  having  been  coated  with 
lampblack,  or  reddle,  are  put  together,  and  the  whole  luatt  | 
nearly  to  the  temperature  of  the  melted  Britannia  i»H 
The  latter  is  then-  Poured  into  the  mould  until  it  seems  en* 
t-ely  filled.  After  waiting  until  it  may  be  supposed  that  4 

::.r?ythlCk  layer  of  metal  is  solidified,  the  i*°ul(  j 

/Jtm  L  IT*.  °Ver  t0  allow  the  still  liquid  portion  °f  1 

-  vuwuii  oflst;,, - ,,  .  ,  .  m°(h 

of  procedui 


s  mo®* 
lie*  I 


metal  to  run  out 

Inroce!lM  °lltum  castin8s  Of  the  right  condition,  tins 

c-^;rsriderabie 

has  acquired  the  r  .  m°ment  at  which  the  layer  o 
the  operator  may  thick“ess,  and  before 

But  by  noting  by  m  *°  meet  with  lua"3'  “ 

between  pouring  tho  a  Watch  the  time  allows 

8the™^  into  the  mould,  and  pourW^ 
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lillliqUid  portion  out,  the  exact  time  required  for  the  forma- 
•ouof a sufficiently  thick  layer  will  soon  be  learned. 

The  inside  of  the  articles  obtained  by  the  above  mode  oi 
casting  is  something  roughly  crystalline.  This  is  due  to  the 
metal  beginning  to  crystallize,  and  the  corners  and  edges  of 
the  small  crystals  being  exposed  by  pouring  out  the  1 
portion  of  the  metal.  Care  must  therefore  be  bad  to  u.  t 

such  casting  an  alloy  giving  a  fine-grained  mass,  The 

ior of  the  articles,  as  far  as  accessible,  can  also  be  •  mo 
while  the  article  is  still  in  the  mould,  with  a  burnishing 
or  burnisher. 

For  articles  to  be  made  by  stamping  or  other  inttha  ^ 
process,  the  alloy  resulting  from  melting  tht  mda  . 

'ladled  into  cast-iron  boxes,  and  the  slabs  thu.  i  , 

sabseqoently  rolled  into  sheet.  Spherical  vessels  an  nt >  ‘ 
fI’Uuup”  in  halves,  which  are  then  un  mou]ds  by 

^  Waller  articles  are  generally  P10^ 

1  damping  press  of  very  simple  constiuttioi^  ^  unsightly 
Fast  or  stamped  Britannia  metal  has  * !  "Vmall  crystals  of 
s1,1}  white  appearance,  the  innume  ^  ^  preventing  a  com- 
"hlcb  the  surface  of  the  article  is  conl|!°^s  therefore,  be 

,,lote  reflection  of  the  light.  The  ar  ic  ^  .f  their  shape 

Wished,  which  is  effected  with  a  bvnn  disks  covered 

Wmits,  upon  the  lathe  by  ^eans 

^  leather  rubbed  with  emery.  ^  arc  at  Re  present 
A  great  many  articles  of  bu  lX  e  aS  objects  of  wrm< 

V  electro-plated  with  in 

^  Which  are  so  well  ^  to 

^  this  country,  that  d  ^  ^  the  Britannia  m  . 

r'Urc  silver.  In  some  ('a 

fdatecl  with  tombac- 
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m<lery  metal.  The  name  of  this  alloy  is  deriv, 

:r,r  —  -  ■*  -  - . .  «  d 

(ienuine  Indian  Biddery  metal,  which  is  frequently  iJj 
tated  m  England,  consists  of— 

Parts. 


Copper. 
Zinc  . 
Tin .  . 
Lead  . 


I.  II. 
3.5  11.4 

93.4  84.3 

_  1.4 

2.9 


3.1 


to  witness 


Accoiding  to  Dr.  Hamilton,  who  had  occasion 

e  operation,  123. G  parts  of  zinc,  4.G  of  copper,  and  H-t ui 

ead,  together  with  a  mixture  of  resin  and  wax  to  prevent 

oxidation,  are  melted  together  in  a  crucible.  The  fusel  met*1 
18  Poured  into  . .  „  .  .  .  „  .  *ith  t 


in  cl  L  i  ULIUIC. 

»  poured  into  clay  moulds  and  the  articles  finished  with* 
lathe.  Ti„  T_  ..  4  kaUti(» 


^  J  U1UU1US  ana  me  articles  nmw 

v  1  ^ndian  artists  impart  to  the  articles 

conn  ^  'laCk  C°l0r  by  treatment  with  a  solution  ofsulpl»te 
nal  manner  d<*OIate  the  surface  in  a  very  peculiar  and  otk 


frequen11 


nal  manner,  n  ,  Ce  m  a  vcry  peCl 

very  nai  +•  ,  '  means  °f  a  graver,  lines  forming 

artistic  _  °  ’  ,-..eS  a 

me* 

oaret’n 


very  artiste  a  •  <l  graver,  iinet  .. 

then  inlaid  ^  Cllt  iuto  the  surface.  The  hm" 

of  a  burnish'  *  ^  g°ld  and  silver  wire,  pressed  in  b-v 


of  a  burnishin  koicl  an<^  s^ver  wire,  pressed  m 

polished.  Tho^l  °°^  a^ei  which  the  articles  are  (ar 
marred  by  the  GaiUy  of  the  black  coating  being  s0lll°"( 
articles  with  a  sol!T1PUlati°n’  is  restored  by  treating 

.,,,.3  solution  nf  c.,i  ,  i  ^monlf 


articles  with  a  solut PUlation>  is  restored  by  treating 
and  saltpetre,  and  fi  1  sldPhate  of  copper,  sal  annn 

Polishing  with  very  tine  P^1 


agents 


a  peculiar  appearance, 


the  g1 
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vplvetv-black  ground  presenting 
jjj  silver  designs  upon  a  .  pmv.roidery  executed 

Itlv  a  striking  resemblance  to  an  en 

joiliiid  silver  threads  upon  black  velvet, 
litre  are  several  other  alloys  somewhat  resembling But 
m  metal  which  are  known  under  various?  names, 
it  mention 

Mkmj  metal — It  is  composed  of — 

Parts. 


I. 

II. 

.  2.0 

3.0 

Tin.  .  . 

.  .  .  80.0 

79.0 

Antimony . 

.  .  14.0 

15.0 

Zinc . 

.  .  1.0 

2.0 

Nickel . 

.  .  2.0 

1.0 

Aluminium.  , 

.  1.0 

■ — "" 

^ll0J°r  metal. — This  alloy  is  composed  of 


Paits. 


^°pper  . 
Tin.  .  .  * 

AnUmony 
Zinc.. . 

hon. 


I. 

3.26 

67.53 

17.00 

8.94 


II. 

4 

66 

20 

9 

1 


Thi 


,  i  ;s  empl°ye(i  for 
ls  alloy,  as  well  as  the  Ashberry  me  1  ’  ^  ap  similar 

a  KltlS  ^orks  and  spoons,  coffee-pots,  te  a  p  >  .  ^  com posed 

of  generally  made  of  ordinary  Bll^“oTinia  metal  in  tart 


Parts  of  tin  and  1  of  antimony. 


Britannia 


beauty, 


_  lllUinu“j  ,  I,  HI 

^basses  bot^  tpe  Ashberry  and  Minofoi 

U  latter  are  harder.  is  compose^ 

h:n9lnh  metal  is  a  more  complex  a  ^  ^  75,  zinc  2» ) 


ed  oi  • 


Ti 


K8 


parts,  puv 


'llek^l  2,  bismuth  1,  antimony 


v  9  brass  (copper 
re  copper  o. 


r  8.  tungsten 


CHAPTER  XIII. 

lead  alloys. 

JT  eLX  cw6  1  ^  ^  **  *** 

ever  are  nf  mcaI  PurPoses-  Some  of  its  alloys,  h«, 

it.’  gl6at  lmP°rtance,  and  are  generally  used,  * 

„  ,  ;hng  ma«y  efforts  to  replace  them,  especially  forty 

makesCa  PUrP°SeS‘  An  addition  of  other  metals  generally 
load  harder  and  more  or  less  injures  its  ductility. 

,  f°n  ooppor  imparts  to  the  alloy  greater  hardness 

'  nPadlng  its  ductility  to  a  serious  extent,  and  if  the 

•  ^  oopper  be  small  such  an  alloy  can  be  drawn  tu 

Pipes  or  rolled  out  to  thin  sheet. 

n  f  ^ 1 ^  arseidc’  antimony,  and  tin  increases  the 

iHonv  T^’  bUt  considerably  impairs  its  ductility.  Alltl'  j 
resneot  arsenic  especially  exert  a  strong  influence  in  ^ 
antimonl  \i  ^  lead'tin  alloys  retain  their  ductility-  ^ 

contract  o'  °^s  containing  less  than  22  per  cent,  ant’111  ■ 
castings-  n  i  and  are  therefore  not  suitable  fo! 

ing  and  reprod^1XtUreS  ricller  in  antimony  expand  on 
hardness  of  lea(i  08  dnest  depressions  of  the  mould-  ^ 
antimony,  alloys^^0117  alloys  increases  with  the  co^* 
about  four  timo  1  ^  f°  ^7  per  cent.  antim°n) 

Ceilt-  -timony  ;S  hard  as  lead,  and  alloys  with 

!nakes  the  alloys  still t?UeS'  A  larser  content  of  Jlllt  ]V( 

lmes  as  hard  ^  i  larder  (with  over  25  percent-^, 

(  llot  suitable  f0r  /  >Ut  011  account  of  their  brittle^-- 

•  teChai^  Purposes.  The  affi^  °f 
(  360  ) 
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„  tad  b«g  very  «•», »  »  «** » r»r™  * 
1  tlipm  The  most  important  alloys  of  lead  are  type- 

i(til  »ml  shot-metal ;  the  first  generally  an  alloy  of  lead  with 

alimony,  and  the  latter,  one  with  arsenic. 


Type-Metal. 

in  alloy  to  serve  for  type-metal  must  allow  of.  K 
idily  cast,  fill  the  moulds  sharply,  and  at  the  same  time  t 
y  no  Timno'li  it  is  difficult  entirely  to  sa  1.  } 


it,  fill  the  moulds  sharply,  and  at  the  same 

•(1  as  possible.  Though  it  is  difficult  entirely  to  sa  is  } 

demands,  an  alloy  consisting  of  lead  and  a  " 

ers  the  purpose  best.  Antimony  increases  the  mi .  ^ 

id  and  renders  it  very  brittle  it  piesent  in 
)rtion  A_  _ n ^  uln  7 A  ™rta.  and  antimony  -h  ap 


renders  it  very  brittle  if  pmsen  in 

tion.  An  alloy  of  lead  76  parts,  and  antime  - 

t  fho  two  metals.  M°ie 
to  be  the  point  of  saturation  o  _  ^  component 

itban  the  average  fusibility  o  iea(t,  this  alloy 

5>  ductile  and  considerably  hart  er  n  -tg  ernploy- 

ds  in  cooling,  and  to  this  above  compound 

tor  the  manufacture  of  type-  u  r  srnall  type- 

not  answer  perfectly  well,  tsPec"  ^  hard  it  cuts  the 

1  too  soft  it  gets  out  of  shape,  vh  ^  founder  passes  to 

and  it  happens  very  often  that  1  ^  nieited  in  con- 

)r  the  other  extreme.  ^  ^icn  ^  .  uch  before  lead,  and 

with,  the  air  antimony  is  <)X|  ^ taining  aU  exact  con^,< 
accounts  for  the  difficult}  °  *  for  tvpe-f°uiu^c1. 

It  is  a  constant  subject  of  ^  with  m„cU 

at  a  fusible  and  hoinogc^  ^  at  the  sanm  tm  ^ 

.  resistant  as  much  ^ (  to  ^,car  the  a1  hi" 

enough  to  be  rep*1^  of  sha,,c.  and  brittle. 

lout  being  soon  1'  rtions  »  1  roportion  of 

'he  alloy  of  equal  P>  1  ^  saDie  ratio  as  tne  i 

ese  defects  incre“se  1 
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antimony  increases.  On  the  other  hand  ti  ,• 
and  remains  malleable. 

An  alloy  of  antimony  1  part  and  lead  8  is  very  tough  ani 
has  a  specific  gravity  greater  than  the  proportional  specie! 
gravity  of  the  two  metals.  It  is  more  malleable  than  the p*  j 
ceding  alloy  and  retains  a  certain  hardness.  The  hardness  | 
aparted  bv  antimony,  the  increase  of  toughness,  and  that  of 
c  ptcific  gravity,  are  very  perceptible  up  to  the  alloy  of  I 
antimony  1  part  and  lead  16.  I 

At  present  a  great  many  receipts  for  type  metal  are  known, 
in  the  preparation  of  which  other  metals  besides  lead  and 
mom  are  used  for  the  purpose  of  rendering  the  ;dkT 
more  fusible  (additions  of  bismuth  as  imparting  to  them 
8  or  povei  of  resistance,  copper  and  iron  having  ^ 

‘  mmended  for  the  purpose).  By  such  admixtures 
hf}  of  the  alloys  is,  however,  impaired,  and  the  11 
ac  are  of  the  types  becomes  much  more  difficult  than  ^ 

som  .  n  lead  and  antimony  alone.  In  the  following  »  e 
a  °yS  SUltable  for  casting  type  are  given 


Metals. 


I-«ead 

Antimony 

Copper 

Hiamuth 

Aino . 

Tm  . : 
A'ick^i. 


II.  III.  IV. 


i  I  ?  JO  10 

1  1  Q 


1 


10  20  20 


15 


20 

8 


Freneh  «"<i  k,,,v,hU  ,  - 

f,Uant,t-v  of  On,  always  contain 

J'  ^le  following  analysis  ■ 


ce 
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Lead  -  •  • 
Antimony. 
Tin.  .  •  • 
Copper .  . 


English  types 

!• 

French  types. 

.  .  69.2 

61.3 

55.0 

55 

.  .  .  19.5 

18.8 

22.7 

30 

1  X 

20.2 

22.1 

15 

.  .  1.7 

99.5 

100.3 

99.8 

100 

99.5  1W..5 

iccording  to  Ledebur,  type-metal  contains  . 


Lead  . 

75 

60 

ore 

80 

20 

82 

14.8 

Antimony . 

23 

Zo 

3.2 

Tin . 

2 

15 

Tin .  2  15  "" 

,  i  .  i]T  allov  for 

Ordinary;  II.  fine  quality  of  type-metal , 

^  iv.  for  stereotype  plates.  following 

type-metal. — Erhart  recommend  1  gy 

being  hard  and  at  the  same  time  dne 
^  9  to  0,  lead  2  to  4,  copper  2  to  4  ^  finally 

‘  tin  is  first  melted  and  then  the  lea<  > 

pper  are  added  in  succession.  \\0v*  is  seldom 

5  Manufacture  of  the  types  from  the  ^  "vocess  being 
‘(t  by  cold  stamping  in  steel  mould. ,  ^  According  to 
“xpensive  ;  hence  they  are  generally  4  by  means  of 
i(1  process  the  types  are  cast  piece  by  1  ^  face  and 

att  casting  ladle,  but  tor  ty  pc  p  a  rely  suffici011*  *° 

1  detail,  the  motion  of  the  ha  ^  metal  into  the 

ttie  momentum  required  to  thr^egsion.  A  machine  is 

ix  and  produce  a  clean,  HluUl  tQ  a  small  forcing  j 

Used,  which  may  he  00111 P*?  ^  fluid  metal  ,  bu 

rbich  the  mould  is  hUcd  -l  to  escape  sue  i 

-  allowing  tri  t  the  shaft  oi 

heater  difficulty  ot  m0re  unsoum  three- 

m  general  consider  ^  ^  only  wclg^  b  hand, 

f,  bo  that  an  equal  ^  in  the  ordinary  -ay  by 
tils  as  much  as  ty  1 
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®  and 


More 


and  which  for  general  purposes  is  preferaUi 
economical. 

Some  other  variations  are  resorted  to  in  tv,,ef 
sometimes  the  mould  is  filled  twice,  at  other  times  theT  j 
the  types  are  dabbed  (the  cliche  process),  many  of  the 
types  and  ornaments  are  stereotyped  and  either  soldered  to 
metal  bodies  or  fixed  by  nails  to  wooden  blocks.  The  music 
type  and  ornamental  borders  and  dashes  display  mud. 
curious  powei  of  combination.  Plates  for  engraving  mmic  are 
generally  made  ot  tin  5  to  7.5  parts,  antimony  o  to  2.5.  i 
Type-metal  being  easily  cast  may  also  be  used  for  candle¬ 
sticks,  statuettes,  etc.,  sand  moulds  being  generally  employed 
loi  the  pui pose,  though  for  decorated  articles  metallic  moulds 

thoroughly  rubbed  inside  with  oil  can  be  advantageously 
used. 

ollogfo)  keys  of  flutes  and  similar  parts  of  instrument*^ 

sists  of  lead  2  parts,  antimony  1. 

Shot- Metal. 

JH!  —  of  metal  used  for  the  manufacture  of  'l"u 
tioimrl  S  °f  l0ad  and  arsenic-  The  latter,  as  previously 
being  at^tf  ^  t,roPerty  of  hardening  lead,  the  all . 

is  wtll  kn°  Same  thne  more  fusible  than  pure  lead.  8** 
place  drops  of'  |&  prepared  by  letting  fall  from  an 
small  quantii  *nto  Water,  and  an  addition  ot  11  * 

anrl  gives  to  the°sharSeniC  to  the  lead  helPs  its  solidifiC4t,° 
()u  account  0f  tv!  1  m°r°  sPhericaI  shape.  s 

sapors  certain  T)ro  C  Poisonous  properties  of  the  alSl 
the  alloy.  Jn  a  c&"t,0»s  have  to  be  observed  in  l’rf!'a"  j 

the  ba<’ is meuir:;; 

1<?n  covered  with  a  lave'  1 


LEAD  alloys. 


365 


,  „„  this  is  done  Should  the  arsenic  • 

J*  Only  '  be  introduced.  In  many 

He  comhination  to  e  _  ^  which,  however,  de¬ 
scries  this  precaution  *  ^  done  t0  protect  the 

BS  censure,  as  everyt  mg  s  i  isouous  arsenious 

ctmen  from  the  injurious  effects  P  chM00#1  dust, 

¥*  lfthe  mctal  is  COVeTCd  ‘  iU  as  when  the  bright 

te vapors  cannot  reach  the  air  as  eas  .  ‘  ite  arse„ic  (ar- 

metal  is  in  direct  contact  with  the  au-  tQ  tpe  lead, 

acid)  is  generally  used  as  an  a  >  1  orpiment)  is 
‘iiough  in  some  cases  red  arsenic  (rea  gai  °  ^  arsenic 

employed.  Immediately  after  the  inti  oducti  ^  ^  and  the  pot 
mass  is  vigorously  stirred  with  a  w  ooden  r  .  ^  eages 

ben  covered  with  the  lid,  which  is  u  et 

h  moist  clay.  ^  aer  the  contents  of  the 

1  strong  fire  is  now  kept  up  to  ien  ^  -g  removed 

thinly-fluid.  After  about  three  houi  surface  being 

1  the  charcoal  and  oxides  floating  U1  witli  ladles  int° 
refully  lifted  off,  the  alloy  is  Poure  *n  cf  the  actual 
Qul^-  This  alloy  serves  for  the  prepara •  ^  adding  « 

"^ead,  which  is  prepared  by  mcb  ^  rsenic.  It  *s  in  ab 
:rta'n  quantity  of  the  alloy  of  lead  ai  nioUs  alloy  111  ihe_ 

^preferable  first  to  prepare  tie  intimately  am 

banner  prescribed,  it  being  other^  with  the  comparative  y 
l°mogeneously  to  combine  tbe  shot-metal. 

*>»»  quantity  of  arsenic  require*  ^  generally  1°00  ^ 

1,1  working  by  the  .^‘fof  nic,  «><»  *»”*!  '“^.r  the 

^  -  ‘'‘St  Tf  re^leld, 

'‘tret  preparation  of  *h«  ^  for  600  l’®1*’  0  wiU  be  seen 

l,afls  of  arsenious  acid  ^  parts  of  leac  * 
f|*’  3.0  parts  of  arsenic 
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the  quantity  of  arsenic  is  exceedingly  small,  and  should : 
case  exceed  that  actually  required  for  hardening  the  1 1 
rendering  it  easy  to  cast.  The  quantity  consider*! 
for  this  vanes  much  in  different  countries.  While,  fir 
stance,  in  England  10  parts  of  arsenic  are  allowed  for  UH 
parts  of  lead,  in  France  3  to  8  parts  are  considered  suffij 
tor  1000  parts  of  lead. 

11ns  variation  in  the  proportions  of  arsenic  used  for  hard 
enmg  the  lead  is  readily  accounted  for  by  the  difference ii 
the  qualities  of  the  lead  used;  the  purer  and  softer  the  lead 
ie  greatei  the  quantity  of  arsenic  required.  But  under  no 
circumstances  should  good  shot-metal  contain  more  than 
fr°m  TinjTr  to  0f  the  weight  of  lead  used. 

°th  a  too  small  or  too  large  content  of  arsenic  is  injurious, 
contains  too  little  arsenic,  the  resulting  shot  hit 
hape  of  tears,  and  the  interior  is  frequently  foil 
,  "  Idle  vith  too  much  arsenic  the  drops  are  lenticular. 

*  s  even  with  much  experience  it  is  quite  difficult  to  hit  at 

togethe^  l<riSht  proportion>  ifc  is  advisable,  before  inelt1^ 
tests  'ii  ar^°  ^Uan^ies  of  lead  and  arsenic,  fiid  *°  1111 
oZZl  SmaU  “<*•  From  the  shape  of  the  » 
the  proport'"1  U'eSe  Samples  h  C!l"  be  readily  .judged  »h«'"' 
changed.  ***  right  or  in  what  respect  they  have  »  1 

position  of  the  p s  8bot,  it  would  seem,  vary  the 
arsenic,  other  n,  t  *  Used  by  them,  for,  besides  lea(1 

‘petals  apo  a _  ..  .  .  .  ,  i.  ncneO 


antimony  and  con  *  ^  frequently  found  in  shot,  esj 

sma11  ^amities  P6lth0Ugh  the  latter  only  in 
larger,  ponoi.,  ^ be  enn*a«*  ./•  .•  ....  ho"' 


>edi] 


larger,  reaching  ju  1<?  CO)1tent  of  antimony 
and  frorn  thifi  u  any  cases  2  nor  n*n*  m'  fhc 


is, 


total  "  ‘ 


ani1  tr<™>  this  it  iny  oas<«  2  per  cent,  of  the  . 
endeavor  ,0  rei'«uld  appear  that  the  im„,u 

arsenie  by  antimony. 


lead  alloys. 


367 


0,,  of  shot- According  to  the  old  method  shot  is  pre- 
i,v  allowing  the  melted  metal  to  fall  in  drops  from  a 
11  of  considerable  height.  This  method  is  sard  to  have 
originated  with  a  plumber  of  Bristol,  England,  named  A\  atts, 
about  the  year  1782,  dreamed  that  he  was  out  rn  a 
shower  of  rain,  that  the  clouds  rained  lead  instead  o  "a  c  ’ 
and  the  drops  of  lead  were  perfectly  spherical.  011H. 

mined  to  try  the  experiment,  and,  accordingly,  1>0U 
melted  lead  from  the  tower  of  St.  Mary  Redcliffe  Churo  mo 
some  water  below  ;  the  plan  succeeded,  and  he 
tionfor  a  large  sum  of  money.  .  ,  weps 

For  carrying  out  this  invention  shot-tow  cm  an  j  ^ 

*lave  been  constructed.  At  the  top  of  the  tow  ei  '  a 
•  Poured  into  a  colander  and  the  drops  are 
'  -d  of  water  below.  The  surface  of  tl  ^  wPich  is 
"'ued  with  a  spongy  crust  of  oxide  t  alh  prevent  the 

u'ed  to  coat  over  the  bottom  of  the  colai  jR)]eSj  whereby 
^  from  running  too  rapidly  througl  ^  gpheres.  The 
luF  w°ald  form  oblong  spheroids  in^j_ir0I1)  the  holes  m 
’danders  are  hollow  hemispheres  oi  s  ^  ^  They  must 
^rn  differing  according  to  the  >i/A  +he  diameter  of  the  shot 
^at  a  distance  of  at  least  three  tin  pappen  tA'°  tF 

fr°m  each  other,  as  otherwise  it  down,  unite  to  one 

^  drops  of  lead  would,  while  ^  ^  and  have  to  be 
r'lass>  which,  of  course,  wouh 

bolted  mn  Of  the  drops  must  be 

/he  water  serving  for  the  becoming  toe >  hot  or 

^‘herical  shape  bettm 
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water.  To  prevent  the  shot,  when  taken  from  the  water,  from 
losing  its  metallic  appearance  by  oxidation,  a  small  quality 
(about  0.25  per  cent.)  of  sodium  sulphide  is  dissolved  in  the 
water  serving  for  the  reception  of  the  shot,  by  means  of  which 
the  drops  falling  into  it  are  at  once  coated  with  a  thin  film  of 
sulphide  ot  lead  of  a  lustrous,  metallic,  grav-black  color, 
which  is  permanent  even  in  moist  air. 

In  more  recent  times  the  formation  of  shot  by  centrifugal 
power  has  been  introduced,  which  does  away  with  the  expen¬ 
sive  towers.  1  he  melted  lead  is  poured  in  a  thin  stream  upon 
a  rapidly  revolving  metal  disk,  surrounded  at  some  distance 
b)  a  screen  against  which  the  shot  is  thrown.  The  moment 
the  melted  lead  tails  upon  the  metal  disk  it  is  divided  by  the 
ccntiifugal  force  into  drops,  the  size  of  which  depends  on  the 
rapidity  with  which  the  disk  revolves.  The  drops  are  hurled! 
in  a  tangential  direction  from  the  disk  and  are  stopped  by  the  , 
<ibo\  e-mentioned  screen. 


a\  id  Smith,  of  New  York,  has  invented  and  put  h 
practice  a  new  mode  of  manufacturing  drop-shot.  The  ch 
feature  of  this  invention  consists  in  causing  the  fused  metal 
a  “'rough  an  ascending  current  of  air,  which  shall  travel 
a  velocity  that  the  dropping  metal  shall  come  in  coat; 
Z  ■  T  PartiCl*  °f  air  -  short  tower  than  it  would 
vertie  1  !10(U8l‘  tlll!  lllgllest  towers  before  in  use.  Fig-  ‘>~l  11 
a  tower  rr1  CloVation  of  *  sheet-metal  cylinder  set  up 

L  r I"  “  bUiMil*.  -nd  may  he  about  20  inches  i 
teinai  ammeter  and  ki\  * 

though  mentioned  h  ?  or  '**■  This  ' 

the  middle  of  the  1  I”'*  *  8  pateut’  is  now  dispensed  1 

Fig.  23  is  a  plan  at  rtf  r  80  th#t  0n]*  an  <>Pen  spnce  rC'"'‘," 
1  *•;  Fig.  25  ia  „  *  ,u“  “  6  •’  Fig.  2d  is  a  plan  at  the 

m  n,  Fig.  22.  1  0  &  ’  ,lnd  Fig.  20  is  a  secti°n 
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cistern  beneath  the  tower.  B  is  a  pipe  from 

It  blowing  apparatus  leading  into  the  ann"l«  tQ  dis’ 

■  mper  surface  g  is  perforated  as  shown  m  *  g- 

,«Ke the  ascending  air.  The  outer  side  of  this  annular  B 


,  cone  forming  the  m 

s  tiie  base  of  a  frustum  of  a  cone,  ^  .  and  iu  Fig- 

g  the  blast  tli  rough  the  frame  ;/  •  ’  ^  lL  the  upper 

shown  to  support  a  cyl,‘V'"“  ouriug  P«n  A 

'1  portion  of  which  receives  the  P  ^  Round  the 
.  charged  with  each  separate  sue 
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pouring  pan  A  is  a  circular  waste-trough  ,  n 

‘hlS  amDgeme„t.is  ‘he  fluid  metal,  running  ^ 
pouring  pan  A  into  the  ascending  current  of  air  will  J 
.operated  upon  in  the  same  manner  as  if  it  fe]|  ^ 

l'«'«  The  .hot  Ml,  fc  ' 


Fig,  25. 


Fig.  20. 


centre  of  the  ring  /  into  the  water  cistern  C,  where  a  cW'1 
carries  it  into  the  tub  which  when  full  may  be  removed 
£,h  x,  an  aperture  in  the  cover  of  the  cistern. 

Sorting  tlle  shot- Even  with  the  most  careful  work  it  bap- 
pens  that  drops  of  unequal  size  or  cornered  masses  are 
among  the  shot,  and  the  latter,  after  being  taken  from  ^ 

hv  h  a?d  dlled’  mUSt  be  sorted-  This  was  formerly  eflect, 
tilted  n<t  111  the  f°llowing  manner:  A  slab  of  polished  iron  * 
u  pcr  'I  Tin  angk’  ‘he  shot  are  strewed  *<« 

1  the  incli-d  plane  thus  formed.  The  per 
Placed  to  Z[  /apidly  in  straight  lines  and  fall  into  a  ^ 
the  slab.  Tr  them’  about  a  foot  away  from  the  bottom  ^ 
slower  zigzag.  11Sf5baPen  shot,  on  the  contrary,  tra’V  el  v 

Placed  immediately  Vtb  &I1  "’ithout  lm>’  bmW<!  ,'"H\er^ 

allot  are  then  subjected  7  *“*  °f  the  incline’  ^  ,h# 
through  sieves  with  n  °  an°l'ller  sorting  by  passing  ^ 
apertures  in  the  castin  exa°tly  the  same  size  1,9 

f?  colanders. 


I 
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tip  finished  shot,  which  are  now  of  dead  silvery-white 
w,  polished  and  made  dark  in  an  iron  barrel  or  r. mble 
Ittaining  a  quantity  of  powdered  plumbago.  They  are  then 
tied  up  in  canvas  bags  and  are  ready  for  sale. 

At  present  the  shot  are,  however,  generally  sorted  by  me,  . 
of  sorting  drums  consisting  of  inclined  evlindois  it  ^  ^ 
with  holes  whose  diameter  corresponds  to  that  of  t 
The  forward  motion  of  the  shot  in  these  drums  i»  t  he 

means  of  an  Archimedean  screw.  ^ , 

Large  shot  are  at  the  present  time  also  frequently  I  1^^ 
h  casting  in  moulds  like  bullets,  or  by  stamping  them  10111 
tMn  plates  of  the  alloy.  In  both  cases  the  resulting  ^ 
a  seam  which  is  removed  by  bringing  the  sli  ^ 

*ith  very  fine  quartz  sand  into  revolving  drums, 
u,tlon  of  the  sand  the  seams  are  ground  <>ti,  an 
^hencal  shape  imparted  to  the  shot,  has  no 

All°VS  of  lead  and  iron.— Lead,  as  previously  y  q{ 

affinitv  for  iron.  A  piece  of  lead  thrown  m  o  •  ^  ^ 
lr°n  becomes  oxidized,  or  is  scP‘Ut  b0en  rUn  out. 
le  bottom  of  the  bath  after  the  cast-iion  cast-iron,  a 

80011  as  the  lead  is  introduced  into  tl  through  the 

f'1tain  agitation  appears  on  the  surface,  alH  .  when  thin 
"  ‘ole  bath,  and  the  cast-iron  seems  moie  are  aWare  ot 

r  large  pieces  are  to  be  cast,  the  toun  ntity  cf  lead  mto 
18  Phenomenon,  often  throw  a  certan  1  ^  coUgealing  too 
the^lted  cast-iron  in  order  to 

**  against  the  sides  of  the  cast  mg  ‘  alld  conversely,  is 

^is  want  of  affinity  of  ^  ^  otber  metals,  such  as 

ffiado.  nthia  ir°n  11  i  ]  ,1  in  sufficient  quan 

youseof  for  separn leftd  to  •***  »'  bin0 

for  instance.  Thu*  ■*  silver,  it 

to  a  fused  alloy  of 
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with  the  silver,  and  the  iron  will  float  on  the  surface  ofl 
the  bath. 

All  the  authors  who  have  occupied  themselves  with  thel 
question  of  alloys  agree  upon  the  impossibility  of  alloying 
lead  and  iron. 

Alloys  of  lead  and  other  metals. — Lead,  as  seen  from  the  pre¬ 
ceding  sections,  is  much  used  in  the  preparation  of  alloys 
which  have  been  already  partially  mentioned  under  the 
respective  mixtures  of  metals.  Lead  is  also  frequently  alloyed 
with  cadmium  and  bismuth,  and  forms  an  important  con¬ 
stituent  of  the  so-called  soft-solder.  In  speaking  of  these  com- 1 
pounds,  the  lead  alloys  not  yet  mentioned  will  be  referred  to. 
Only  type-metal  and  shot-metal  can  be  considered  as  lead 
alloys,  i.  e.,  alloys  of  which  lead  forms  the  greater  portion. 


CHAPTER  XIV. 

CADMIUM  ALLOYS. 

Cadmium  shares  with  bismuth  the  property  of  '  pjsniuth 
wring  the  melting  points  of  alloys,  but  \\  liilc  t  g 

loys  are  nearly  all  brittle,  many  alloys  of  cadmium  P 

nsiderable  ductility,  and  can  be  \vorke<  differently 

; 'fell  as  between  rolls.  They  act,  however,  "V  ‘  dll(dde,  and 
1  this  respect,  there  being  alloys  which  aic  ve  ^  the 

Ws  again,  though  containing  in  addition  t  are  very 

***  metals  only  in  different  proportions,  "  1C 

”!tk  . f  eadmium  and  silver 

* 11  aUoy  consisting,  for  instance,  °  manner.  ^ 

this  phenomenon  in  the  most  rcm<l  to  two  parts  of 
lg  together  one  part  of  cadmium  an  ^  be  r0lled  out 

a  very  ductile  alloy  is  obtained  w  ,  two  parts  of 

very  thin  sheet.  By  taking,  l°^Qy  js  so  brittle  as  to 
mm  to  one  of  silver,  the  resulti  b 
into  pieces  under  the  liainnie  j0w  mehmfc  1 

cadmium  imparts  to  the  ‘  fusible  so  de  • 

Suently  used  in  the  prepare^  o  #  j  .gh  temP^’ 
■asting  articles  not  to  he  o.  1  flning  bismuth, 

in  dentistry,  for  genere^  *>.  *£•  added  to 

ll°ys  of  cadmium  con  ‘  latter  beuig  cadinium  and 
sometimes  mercury*  ore.  and  malleable, 

ir  the  melting  P°*nt  ll£Llgams)  alC  ■  their  solidly  • 
eury  alone  (c^'^ry  does  not  .«P« 

[ce  the  addition  (  Si'f  ) 
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Lipowitz’s  alloy.—  This  alloy  is  composed  of  cadmium  j 
parts,  tin  4,  bismuth  15,  lead  8.  It  is  best  prepared  by  heat- 
ing  the  comminuted  metals  in  a  crucible  and  stirring,  as  soon 
as  fusion  begins,  with  a  stick  of  hard  wood.  This  stirring  is 
of  importance  in  order  to  prevent  the  metals,  whose  specific 
gravity  varies  considerably,  from  depositing  themselves  in 
layers.  This  alloy  softens  at  140°F.,  and  melts  completely 
at  158°F. 

Lipowitz’s  metal  has  a  silvery- white  color,  a  lustre  like 
polished  silver,  and  can  be  bent  short,  hammered,  and 
worked  in  the  lathe.  It,  therefore,  possesses  properties 
adapting  it  for  many  purposes  where  a  beautiful  appearance 
is  of  special  importance,  but  on  account  of  the  considerable 
content  of  cadmium  and  bismuth,  the  alloy  is  ratlier 
expensive  and  finds  but  limited  application.  Castings 
small  animals,  insects,  lizards,  etc.,  have  been  prepared 
it,  which  in  regard  to  sharpness  were  equal  to  tin 
galvano-plastic  products.  Plaster  of  Paris  is  poured  overt* 
animal  to  be  cast,  and  after  sharply  drying,  the  whole  am®8 
is  withdrawn  from  the  mould  and  the  latter  filled  up 
upowitz’s  metal.  The  mould  is  then  placed  in  a  vessel 
aining  water,  and  by  heating  the  latter  to  the  boiling  1’°' 

and  deposits  itseif  in  thc  finest  1111111 

on  account*  of  i^,W,taW?  for  soI<lerin«  tin'  lwd’ ^  for 
soldering  Britai  v or'Wliite  color  is  especially8  aj  f 

cheaper  alloys  h*  •  general  use  for  this  l>url  .  v 
witz’s  metal  have  1  Uear1^  the  same  properties 

2  part-s 

tin  8,  lead  11,  bismuth  ^ 37°°  CadnllU  " 
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.  167o  F\ — Cadmium  10  parts, 

niJeadS,  bismuA  8.  „0  r\_ The  following 

litem  alloys  (media?  pom  °  • 

,«ipositions  have  all  the  same  melting  point  (-Oo 

Parts. 


Cadmium 
Tin.  .  . 
Bismuth, 


fy  fusible  alloy.— An  alloy  with  a  melting  point 
composed  of : — 


Tin.  .  . 
Lead.  . 
Bismuth 
Cadmium 


parts. 

1  or 

4 

2  or 
.  •  ^ 

3 

4  or 

15 

: :  i  °r 

3 

and  161 -5C 

>  F. 

,,  i  io°  and  ldl.o  l1 

s  alloy  or  metal  melts  between  1  ‘  cadmium 

"lead  4  parts,  tin  2,  bismuth  o  to to 


It 

1 


‘posed  of  lead  4  parts,  tin  2,  bismuth  ->  ^  ^eap}e  to  a 

In  color  it  resembles  platinum  and 

Uextent  _  r  o  F  wCadmium  1  Part’ 

rhnium  alloy  (melting  point  lT'.Lo  •)•  ^  Pdine,  caU  ^>e 

C),  bismuth  7.  This  alloy,  like  the  Pre 


or  soldering  in  hot  water.  ^  _ Cadmium  2  pait^ 

uiiuoi  alloy  ( melting  point  300°  *•)'  "  oft  goider,  with 

lead  2.  This  alloy  yields  an  of  le»d  and 

lag  point  about  SC>°,  below  ’  .  0  . 

°"e-  .  „f  lead  50  parts,  ( 

c hi  metal. — An  alloy  consisting  preparation 

.:uut  adapted  lor  metals 


hi  metal. — An  alloy  consisting  °f  ^  prel>aratioii  of 
idmium  221.  to  especially  adapted  dtoW  met“'S 

,  since  with  as  low  a  melting 
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‘  »  /  * 
Oi  o 


(of  bismuth  alloys)  generally  used,  it  combines  the  valuable 
property  of  greater  hardness.  With  a  cliche  from  this  alloy  a  i 
large  number  of  sharp  impressions  are  obtained. 

According  to  Hauer’s  researches,  given  below,  the  melting  j 
points  of  fusible  alloys  are  relative  to  the  composition 


Atomic  weights. 

Melting  points. 

Cd1Sn,PbBi 

155.1°  F. 

Cd2Sn2Pb2Bi2 

155.1 

Cd3Sn4Pb4Bi4 

153.5 

Cd4Sn5Pb5Bi5 

150.0 

Mixing  proportion. 

lCd6Pb7Bi 

100.4 

lCd2Bi3Pb 

103.0 

2Cd4Bi7Pb 

203.0 

Ihe  alloys  of  cadmium  with  mercury  (cadmium  amalg 
will  be  discussed  in  speaking  of  the  amalgams,  and  those* 
taining  gold,  which  are  used  by  gold-workers  for  certain  ] 
poses,  will  be  referred  to  under  gold  alloys. 

S  been  stated  that  cadmium  alloys  are  not  reliabl 
v!tm°their  meltinS  Points,  and  that,  on  account  of 
fuse  th  y  f°f  Cadmium’ the  alloy  becomes  the  more  difficu 
Ws  ,:r  r  H  “  ‘  A  glance  at  the  above  « 

tZXU!  y:'r  Cadmiu™  cannot  votatilize  at  the*  ‘ 
for  the  r.urno  ■  a  series  of  experiments  made  '  -l*'1-1, 

remelted  as  Qft^S  sll0Wn  that  the  respective  alloys  (l^ 
undergoing-  anv  °  ^esir°d  without  their  melting  1 
that  the  origina^nS1?'le  ChanSe*  It  may,  however,  h*P 

several  with  differJltl  om°geneous  alloy  may  liq«ate  ^ 
tity  he  allowed  to  st"  melting  points  if  a  lmg1 
'Plus  evil  can,  howevo^f  111  a  mehed  state  for  a  loDg  11 

’  b°  readily  prevented  by  not  k*P 
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the  alloy  in  a  fluid  state  until  this  liquation  takes  place,  it 
requiring  many  hours,  and  if  it  does  take  place,  by  vigorous 

stirring  of  the  melted  alloy. 


CHAPTER  XV. 

BISMUTH  ALLOYS. 

Like  cadmium,  bismuth  possesses  the  property  of  lowering 
the  melting  points  of  metals,  and  is,  therefore,  frequently  used 
in  the  preparation  of  fusible  alloys,  which  would  be  still  more 
extensively  used  if  bismuth  could  be  obtained  in  abundance 
and  at  a  small  cost.  The  alloys  are  now  chiefly  used  in  the 
preparation  of  delicate  cliches,  very  fusible  solders,  and  in  the 
manufacture  of  safety-valves  of  a  peculiar  construction  fa 
steam  boilers. 

The  behavior  of  bismuth  towards  other  -useful  metals » 
given  by  Guettier  as  follows : — 

Alloys  of  bismuth  and  copper.— These  alloys  are 
effected  notwithstanding  the  difference  in  the  points  of fu?l0D 
of  the  two  metals.  They  are  brittle  and  of  a  pale-red  c 
"  atever  the  proportions  employed.  Their  specific  gra'lt} 
sensibjy  equal  to  the  average  of  the  two  metals.  ,f 

,  <>V\  °'f  bi9m»th  and  zinc. — These  alloys  are  seldom1** 
li/at!  °  lKL  a  metal  more  brittle,  presenting  a  large'  cr- 

z,nC  or  ^ ,<i 
Allow  rf  » •  account  they  are  useless  in  the  arts-  . 

small  quantit v  r  asib  and  m  all  proportions. 

norousness,  lUstr  lh“mth  “nparts  to  tin  more  hai’di^ 

— . °*  -~r  i* 

Hs  hardness.  Hm.  "  blsrauth  is  added  to  tin  to  J 

"PVe''  bismuth  being  easily  c*^ 
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^containing  arsenic,  the  alloys  of  tin  and  bismuth  would 
i,. dangerous  for  the  manufacture  of  domestic  utensils  sucli  as 

culinary  vessels,  pots,  etc. 

The  alloys  of  tin  and  bismuth  are  more  fusible  than  each 
of  the  metals  taken  separately.  An  alloy  ol  equal  paits  of  the 
two  metals  is  fusible  between  212°  and  302°  F.  AMiui 
is  alloyed  with  as  little  as  5  per  cent,  ot  bismuth,  its  ox’ 
quires  the  peculiar  yellowish-gray  color  ol  the  bismuth  ^ 
According  to  Rudberg,  melted  bismuth  begin?  t(  • 

507°  F.,  and  tin  at  550°  F.  For  the  alloys  of  the  two  metals 


constant  point  ”  is  289°  F.  . 

oys  of  bismuth  and  lead. — Ihesetuo  metals 
alloyed  by  simple  fusion  with  merely  the  o  gs 

>ns.  The  alioys  are  malleable  and  ^  of  lead. 
troportton  of  bismuth  does  no  gravity  greater 

:  fracture  is  lamellar,  and  their ^  P  taken  singly. 

the  mean  specific  gravity  of  el  1  jjas  a  specific 

lll°y  of  equal  parts  of  bismuth  sensibly  harder 

‘ty  equal  to  10.71.  It  is  whlt^  ^  ductility  and  mallea- 
lead,  and  more  malleable.  )rop0rtion  of  bismuth, 

'r  diminish  with  an  inciea.  ..  |ead  in  the  alloy-  An 
e  they  increase  with  the  c  x  9  -g  very  ductile,  aiul  111  a, 

■  of  bismuth  1  part  alld  ’^p'out  cracks.  According  to 
aninated  into  thin  sheet  ^  . 

hier,  its  point  of  fusl°n  ‘S___Aut,horities  disagree  as  ° 

Hoys  of  bismuth  '”ld  """lUtli  and  iron-  The  presenc 

ibility  of  corobi”’nrsgthe  metal  b>^te  ^  ^  alloy8  of 

tuth  in  iron  re...  ^  precedmfe  ■  the  arts  except. 

'  "  iU  ^ °f  iTJ  nutb  and  certain  white 
nuth  are  not  at  1  dc  of  bls‘ 

the  fusible  alloy^  ^  _  and  a  few  ot.ie.s. 
als,  such  as  b1 
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Alloys  of  bismuth  with  antimony. —The  alloys  of  these  twj 
metals  alone  are  grayish,  brittle,  and  lamellar.  In  order^ 
remove  the  brittleness,  varying  quantities  of  tin  and  lead  are 
added,  whereby  their  fusibility  rather  increases  than  I 
decreases.  Alloys  containing  the  above  metals  are  much  used  I 
in  the  preparation  of  Britannia  and  Queen’s  metals,  but  they  I 
are  also  employed  for  some  special  purposes  of  which  the 
following  are  examples  : — 

Cliche  metal. — This  alloy  is  composed  of  tin  48  parts,  lead  I 
3'2.o,  bismuth  9,  and  antimony  10.5.  It  is  especially  suitable  I 
for  dabbing  rollers  for  printing  cotton  goods,  and,  possessing  a  I 
considerable  degree  of  hardness,  it  wears  well. 

ior  filling  out  defective  places  in  metallic  castings,  the  hdlo"  I 
ing  alloy  can  be  used  to  advantage:  bismuth  1  Palt’Jlltl  j 
mony  3,  lead  8. 

Alloys  of  bismuth,  tin,  and  lead. — The  compounds  obtain^ 
by  alloying  these  metals  have  a  somewhat  higher  me 

»  VwTD  1 

point  than  the  cadmium  alloys.  They  have,  hotuu 
known  for  a  long  time,  and  are  used  for  various  pui l‘°s  ^ 

Newton’ s  metal  consists  of  bismuth  8  parts, 

It  melts  at  202 °F. 

Hose’s  alloys  consist  of: — 


Bismuth 
Tin.  .  . 
Lead  .  . 


I. 

9 

l 

l 


it. 


w 


% 


an" 


The  first  of  these  alloys  melts  at  200.75°F- 
174.2  b  .  [  hose  alloys  were  formerly  used  h1  * 

ti°n  of  the  so-called  safety-plates  which  were  inse 
t0ps  w<  steam  boilers.  The  composition  of  thc^  1 
SUch  th*t  they  became  Huid  at  a  determined  tei*P<*a 
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•  the  interior  of  the 
^ding  to  a  certain  steam  Pl*'SS'^  ™  escape  through  the 
thus  giving  the  steam  a  chance  to  « 

(atate  formed.  Such  plate*  M  «  with 

here  intended  to  prevent  the  explosion  ot 

ioo high  a  tension  of  steam.  almost 

At  the  present  time  their  use  ^  boilers  pro- 

entirely  abandoned,  it  having  been  previous 

«  vitli  these  plates  would  explode,  NN  lt  10^  mination 
melting  of  the  plates.  A  chemical  and  ph}  _pites,  al- 

^  shown  that,  by  long-continued  heating  ol  t  1  ^  tban 

hs  are  formed  whose  melting  points  aie  inUC^  following 
56  of  the  compositions  originally  used.  ^  ^  ga^  to 

^ gives  the  compositions  of  some  all°>s  NN  lp-ited _ - 

if  the  pressure  of  the  steam  exceeds  that 


»uth.  Lead.  Tin. 


Melting  P°^nt 
Degrees  X  • 


C"Tr?*  »‘“nl 

pwT"tmospl'f^i 


3 

4 
8 
8 
8 

14 

12 

24 

36 

28 

24 


212 
235.9 
253-9 
266 
270.3 

289.5 

300.6 
308.8 
320.3 

331.7 
341.6 


^  a  arts  tin  2,  bismuth 

.  of  lead  *3  pa*** 

yi'*  fusible  alloy  consists  ing 

b  melts  at  197°  F.  p’Arcet  gi'TeS  U 

1  dreet’ 8  fus i ble  alloys- 
portions  for  fusible  ah°>  b 
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No.  - 


Parts. 


1 

Bismuth. 

Lead.  Tin 

1 

7 

2 

4 

2  : 

8 

2 

6 

3  ! 

8 

2 

4 

4 

16 

4 

7 

5  j 

9 

2 

4 

(i  1 

16 

5 

7 

7 

8 

3 

4 

8 

8 

4 

4 

9 

8 

7 

1 

10 

16 

16 

1 

11 

8 

6 

3 

12 

8 

6 

2 

13 

16 

9 

7 

Itenmrks. 


Softens  at  212°  F.,  without  melting. 
Softens  at  212°  F., easily  oxidized. 

]  Softens  more  or  less  at  212°  F.  No.  \ 
>  becoming  softer  than  either  No.  3  or 
)  No.  5. 

Becomes  nearly  fluid  at  212°  F. 
Becomes  quite  liquid  at  212°  F. 
Becomes  very  liquid  at  212°  F. 
Becomes  soft  at  212°  F.,  but  does  not  melt. 
|Neither  liquid  nor  soft  at  212°  F. 

Melts  at  205°  F. 

Melts  at  205°  F. 

Becomes  very  liquid  at  212°  F. 


1  hese  alloys  are  generally  hard,  hut  may  be  cut.  h'-J 
fracture  is  a  dead  blackish-gray.  They  are  rapidly  tarnish 
in  the  air,  and  more  so  in  boiling  water,  in  which  the  l’*' 
come  covered  with  a  wrinkled  pellicle  which  falls  as  a  Mac' 
powder. 

Bwmuth  alloys  for  delicate  casting*.— For  the  preparation  o 
castings  of  delicate  articles,  and  taking  impressions  fi°in  ^ 
medals,  etc.,  bismuth  alloys  of  the  following  comp"'111 
have  been  recommended  : _ 


Parts. 


Bismuth 

Tin.  .  . 

Lead  .  . 


uuonil  ^Jese  all°ys  expand  strongly^  an<^’ 

^ ’  ^  °Ut  ^ncst  depressions  and  elevations- 

*  t;":  -r7 c-ents 

alloy  whi  ,  1  r“Icum>  ",  at  least,  softened.  The  t<> 1 

2,2°  F"  however, 


•J  11UWUVU,  ,  r 

18  theref°re  well  adapted  for  fastenl1* 
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„„  ^ 8  2' 

^  ,  I  10  uv  Messrs  Parkes  and  Martin, 

following  table,  made *  * —  fusible  combina- 

indicates  the  various  points  of  in, 

lions  of  bismuth,  lead,  and  tin  . 


Parts. 


Temper  atur< 
of  fusion. 


Parts. 


Temperature 

of  fusion. 


auth.  Lead. 


of  fusion.  1  - - - — —  Degrees  F. 

Hegroos  F.  1  Bismuth. |  Lead.  Tin.j _ - 

_ _1  _ - - -  r: 


/  ^<r  small  steel 

e  alloys  are  valuable  baths  foi  te  P  may  be 

They  give  a  very  exact  tempera  ^  use(j)  according 
d  to  the  purpose  intended.  They^  Gf  the  un- 

irston ,*  by  placing  the  avtulc,  on  fugioll  occurs  and 
1  alloy  and  gradually  heating  U  ^  their  temper  a 
dl  below  the  surface,  at  whic  i  ickiy  cooled  m 

s  right;  they  are  then  "*'"***  a„,  to  give  as  um- 

•  It  is  not  easy,  even  «  of  heating  or  to 

a  temperature  by  the  ordnraj  of  the  tool 

a  the  exact  heat  desire  Qther  method. 

°  easy  of  adjustment  b>  •  Alloys,  p. 19B- 

>a  Bronze® and  ° 

*  Brasses, 
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Alloys  of  lead  and  bismuth  have  also  been  f 
too  easily  oxidized,  and  are  difficult  to  make  ^ 
separation  of  the  lead.  An  alloy  of  equal  p^n'"'4' 

2  :r,tresses  a  toughness  ^  ^ 


Bismuth. 
50  parts. 
33  “ 

10  “ 


Tin. 

50  parts  . 
67  “  . 

80  “ 


Melts  at  about 
310°  F. 
325 
480 


first  alloy  (equal  parts  bismuth  and  tin)  is  called  “cut- 
5*’  W the  oxide  makes  a  white  enamel. 

^  alloy.  ‘*La  Nation”  gives  the  formula  for 8 

which  is  suitable  for  many  applications  in  the  arts, 
at  about  158°  F.,  and,  consequently,  at  a  much 

sToon ’’°mPeratUre  thmi  that  at  which  the  so-called  “magic 
4g  ^  *n  a  cul)  °1  hot  tea.  It  is  composed  of  bismuth 

JST  "  ca<htnum^3,  lead  19,  tin  26.  The  alloy  resets 

great  pressure. 


CHAPTER  XVI. 

SILVER  ALLOYS. 

Pure  silver  possesses  but  little  hardness,  a*  le  wear. 

factored  from  it  would  be  subject  to  consic  < 

»r  this  reason  silver-ware  is  never  made  of  the  pure  met  _  , 

it  always  of  alloys  with  other  metals,  except^ 

it-mical  utensils  which  must  be  of  PlU(  :l  ’  ,  ,  ,  j 

,  inamp^iawu 

wild  be  attacked  by  the  substances  o 

1  them.  they 

Tlle  all°ys  of  silver  present  a  real  interest  only  ^  ^  other 
^ made  with  gold,  copper,  or  aluminium.  pie 

with  very  few  exceptions,  they  aie  0  copper  are 

!'  The  alloys  of  silver  and  gold  and  sih  e  co-na(re  The 
employed  for  articles  of  luxury  and  f  ^  game 

IJ'S  of  silver,  gold,  and  coppei  are  u'  ^  made  into 
!'Url)0se.  An  alloy  of  silver,  copper,  an  ^  moAern  times 
'°lder  for  plated- ware  and  false  jew  eli  >  ^  nickel,  and  zinc, 

4ll°ys  containing  silver  and  nickel,  01  si  ’  ^  peautiful  white 

11  ^uch  used  for  table  utensils,  they  all°ys  c°Pl)el 

France  and  being  match  civ  tape  ,  vised  f°r 

an'i  silver,  which  were  formerly  1X0 

Nose.  _ These  alloys  have 

4%,  „/  silver  and  alarm™'™-  iniaro  and 

Piously  been  briefly  referred  *  harder  tb"»  P” 

N  beautiful  white  alloys  ^  They 

•Nininm,  and  take  a  v“>  ^  ®f  beiug  unchang 
^Vantage  over  copper  a 
25 


I 
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exposure  to  the  air  and  retaining  their  white  color  It  jla 
therefore,  been  proposed  to  alloy  coins  with  aluminium 
instead  of  with  copper,  which  would  render  them  much  more 
durable,  but  the  results  of  experiments  made  on  a  large  scale 
were  not  satisfactory. 

The  alloys  of  aluminium  and  silver  show  very  varying 
physical  properties  according  to  the  content  of  aluminium.  | 
An  alloy  consisting  of  100  parts  of  aluminium  and  o  of  silver 
differs  but  little  from  pure  aluminium,  but  is  considerably 
harder  and  takes  a  beautiful  polish.  An  alloy  of  aluminium 
169  parts  and  silver  5  possesses  considerable  elasticity,  andh 
recommended  for  fine  watch-springs  and  dessert  knives.  A' 
alloy  of  equal  parts  of  aluminium  and  silver  shows  a  hanlm 
equal  to  that  of  bronze. 

Tiers-argent  (one-third  silver). — This  alloy  is  chiefly  1)U1  _ 
in  Paris  factories  for  the  manufacture  of  various  utensils,  ^ 
as  indicated  by  its  name  consists  of  silver  3o.3o  Par^ 
aluminium  66.66.  The  advantages  of  this  alloy  °'er  ^ 
consist  in  the  lower  price  and  greater  hardness ,  if  ^ 
stamped  and  engraved  with  greater  ease  than  the  alh. 
copper  and  silver 
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mall  quantity  of  zinc  volatilizes,  and  hence  somewhat  more 
ks  to  be  taken  than  the  finished  product  is  to  contain. 

Alloys  of  silver  and  zinc  have  many  valuable  properties, 
especially  that  of  retaining  their  white  color  and  being  more 
fusible  than  alloys  of  silver  with  copper.  It  has  theiefoie 
been  proposed  to  use  them  for  coinage,  and  especially  h>i  small 
wias.  Comparative  experiments  have,  however,  shown  that 
lor  coins  it  is  best  to  use  alloys  which  besides  silver  and  zinc 
contain  copper,  the  following  composition  being  especially 
Amended  for  the  purpose:  Silver  835  parts,  copper 


We  alloy  is  readily  rolled  into  a  sheet  of  suitable  thickness, 
"d  should  it  become  brittle  its  ductility  can  be  restore.  1 
dealing,  ,  , 

'%*  Of  H Iver,  copper,  and  nwiei.-Nickel  by  itsetf^ma  .s 
Ver  very  hard  and  brittle,  such  alloys  ein  ^  alloys 

"tlc  mto  utensils.  But  by  adding  s0™^.  cle* Pmanufactured 
e  cast,  rolled,  and  fused,  and  tb^a  and  copper 

them  are  harder  than  those  10  >  ^  ^  much  used  by 

’■'S-  Alloys  of  silver,  nickel,  and  prepared  from 

manufacturers  for  articles  ^  <>  considered  as  an 

^ard  silver.  These  compositions  ^  .^roved  by  a  content 
,tntan  whose  properties  hav 

5llver.  manufactured  bv  Ruolz,  of 

^eni-Huolz.- The  articles  ^  or  argmt  francs,  have 
S  from  the  so-called  B“°liS/but  are  much  cheaper  am 
J  appearance  of  P*re  ^  '  Jity  of  the  articles,  different  a  - 
According  to  ^^ticns  being  given  as  fol- 
A,«r  sucli 


are  used,  a  f°" 


s : 
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V*  K 

Parts. 


1  n.  m. 

Silver . 33  40  20 

CoPPer . 37  to  42  30  to  40  45  to  55 

Nickel . 25  to  30  20  to  30  25  to  35 

C.  I).  Abel,  of  London,  lias  patented  in  England  several al- 1 
loys  containing  silver  and  nickel.  They  are  divided  into  too  I 
classes,  the  first  consisting  of  alloys  of  silver,  copper,  and  I 
nickel,  with  or  without  an  addition  of  manganese.  The  al-l 
loys  of  this  class  can  be  composed  according  to  the  following 
proportions  : — 


Per  cent. 

A. 

1 

B. 

(’. 

Silver  .... 

Nickel .  .  . 

Copper.  .  .  . 

.  33 

40 

20  to  30 
30  to  40 

20  . 
25  to 

45  to  5d 

1  he  second  group  of  these  alloys  consists  of  sihel>c0 
nickel,  and  zinc,  with  or  without  manganese,  and  J? 
posed  of  the  following  proportions 


Silver 

Copper 

Zinc 

Nickel 


intended  tc^ all°ys  A’  D’  and  E  “*?  [ 

casting,  and  p  ?  ’  Pressed,  or  drawn  silver  art*c  i 

jewelry,  The  COntent  of  sihel 
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on  4.  AO  nnr  cent ,  according  to  the  Pur" 

Jloys  varies  from  20  to  1  the  proportion  of  nickel 

f*(„r which  they  are  to  be  used-the  prop 

rtngtlie  less,  the  greater  th.it  of  fell'  >-  g  t)ie  purest 

For  the  alloys  of  the  first  group  the  pater  ifl. 

found  in  commerce  and  Punfi*  ’  roanner : 

An  of  the  latter  being  effected  m  in  nitric 

The  ordinary  impure  nickel  of  comm  ei  ce  *  patter  case 

acid  or  in  dilute  sulphuric  acid,  the  solution  in^  ^  positive 
being  promoted  by  connecting  the  nickel  wi  w itl  1 

He  of  a  galvanic  battery.  The  solution  m  with 

Corine  and  the  ferric  oxide  precipitate  )  precipitated 
mm  carbonate.  The  solution  is  subsequen  ^ 

111  soda,  the  precipitate  re-dissolve  in  \  ^  ^  saturated 
[‘  solution  diluted  with  a  large  quantity  c.irponate  and 

chlorine,  and  then  treated  with  baiiu  ^  precipi* 
'°"ed  to  cool.  From  the  fluid  sepaiate  galvanic 

k  the  nickel  is  subsequently  precipit 

"  diod  and  then  reduced.  .  a™  method  by  celling 

•hckel-speiss  can  be  treated  by  t  •  ,100  of  fcldspa1 . 

611  harts  of  it  with  20  of  saltpetre  an  ^  residue  is 
:h«eby  the  cohalt  forms  a  blue  ®  acid,  the  resulting 
,e>sH  washed,  and  dissolved  in  P  '  as  above.  But  no 
Wing  treated  in  the  same  m*  it  is  of  advan- 

“»««  how  the  nickel  may  have  e  it  in  a  «uu  • 

*  before  preparing  the  alloy.  »  rf  50  ^ 

together  with  yellow  «  ^  of  potash 
Mow  or  25  to  30  of  red  I>«  (his  method  alone 

!°°°  *«*.  of  nickel,  ^mreia.  any 

r,t  the  purification  °  ^ .fluxed,  hoinoge 

llleans  is  obtained  m  N%t 
desired  size. 
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The  nickel  purified  in  the  above  or  any  other  maim,,.  J 
melted  with  the  copper  and  an  addition  of  charcoalj 
yellow,  or,  better,  red  prussiate  of  potash,  which,  when  used! 
fiux,  is  claimed  to  impart  special  properties  to  the  alloys.  l| 
preparing  an  alloy  which  is  to  contain  the  highest  content  ol 
silver  and  the  smallest  of  copper,  it  is  of  advantage  to  adl 
some  manganese  to  prevent  oxidation  as  much  as  possible 
since  the  addition  of  nickel,  if  exceeded  above  a  certain  pro 
portion,  would  impair  the  quality  of  the  alloy.  For  thi] 
purpose  sufficient  oxide  of  manganese  previously  glowed  with 
charcoal  in  a  closed  crucible  is  added  to  the  mixture  of  copper] 
and  nickel  before  melting,  so  that  a  preliminary  alloy,  con¬ 
sisting  of  80  to  90  parts  of  copper  and  nickel  and  10  to  l11 
parts  of  manganese,  is  obtained — borax,  red  or  yellow  prus¬ 
siate  of  potash,  and  charcoal,  being  used  as  flux.  The  man- 
ganese  readily  combines  with  the  copper,  and  the  nickel  ami 
sih  ei  form  with  them  a  ductile  alloy  readily  worked. 

For  the  preparation  of  the  alloys  D,  E,  and  F,  the  patentee 
employs  the  purest  commercial  copper  and  zinc  and  aickd 
I  fled  b\  one  ot  the  methods  above  described.  lh  ^ 
melts  the  copper  and  zinc  together  in  the  right  proportion* 
an<  adds  t0  the  all°.r  thus  obtained  the  nickel  by  remelting- 

usmg  the  above-mentioned  fluxing  agents.  For  an  «llo-v 

'  Percentage  0t  silver,  manganese  is  a(WU  'n 
same  manner  as  above  described. 

melted  together' wL ^  obtained  are  subseqU^tl 
yellow  or  red  prussia!  ^  neCessaiT  quantity  of  silver,  ei 

with  phosphorus,  bein°  P°tash’ charcoal  or  borax,  toge 

ahoy  of  phosphorus  and  F°r  Producti°n  °  ,er 

deserves  the  preferen  .  COpPer  the  use  of  phosphoi-^  . 

0<?.  Its 


the 


content  of  phosphorus 


being 
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i**  Z“.  ,“«i'  <“ 

sr-  *  -  • » v;r:,  r 

phosphor-copper  is  best  prepared  *7  ^  *  4Q  parts  of 

.iuuled  copper  with  1  par  °  The  final  silver 

charcoal  and  27  of  super-phosphate  oi  hme. 

illors  can  also  be  at  once  fused  with  this  m  *  are  of 

,  w-n-  •>>»■  ‘ri"  . «/-.  b, 

heat,  using  1000  parts  of  the  allo\  o  .  ^  wjll  be 

this  process  the  content  of  phosphoius  in  .  j  The 

the  greater  the  longer  the  heating  -  more  fusible  and 

introduction  of  phosphorus  makes  the  a  >  to  them  a 

more  homogeneous,  and  at  the  same  tin  “  ^  restore  to  the 

white  color.  To  retain  these  advantages  am  ^horuS)  the 
%  its  ductility  lost  by  the  addition  ^^ogeneolls  ingots 
latter  is  almost  entirely  remov  ed,  a  with  charcoal 

have  been  obtained,  by  heating  t  ^ 

powder  in  a  closed  crucible  foi  scA  e *  ^ _ These  alloys  hai e 

Alloys  of  silver,  copper ,  nickel,  and  ^  c0jns,  especiall}  hi 
been  used  for  the  preparation  of  sm  well>  however,  soon 
Switzerland.  The  coins  while  wean  ^  acquire  a  d»sa- 
W  their  original  beautiful  the  color  of  P°01  ^ 

»*»We  yellowish  shade  w8*®  furtber  disadvantage 

V  coinage  these  alloys  have  ^  ^  regained  by  «  '« 

silver  contained  in  them 
process. 
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Alloys  for  Swiss  fractional  coins. 


20  centimes. 

10  centimes. 

5  centimes.  I 

Parts. 

Parts. 

Parts. 

Silver . 

Copper . 

Nickel . 

15 

50 

25 

10 

10 

55 

or 

5 

60 

or 

Zinc .  ... 

ID 

10 

25 

10 

Mousset’s  silver  alloy. — Copper 

59.06  parts, 

silver  27.56, 

-  |  'Cl  i  ic,  on»u  -i.vv,™ 

zinc  9.57,  nickel  3.42.  Color,  yellowish  with  a  reddish  tinge,! 
but  white  upon  the  fractured  surface. 


1  he  argent-Ruolz  sometimes  contains  also  certain  quantities 
of  zinc.  I  he  following  alloys  can  be  rolled  into  sheet  or 
drawn  out  into  wire  : _ 


Parts. 

_ » _ _ _ \ 

I.  II.  IIL 

®ilver .  33.3  34  -t° 

Copper .  8  40  44.6 

Nickel . 86  8  4-6 

Zinc . .  18  ia8 

Alloys  of  silver  and  arsenic.—  These  alloys  may  be  forllieJ 

}  diuct  fusion,  and  the  silver  will  retain  a  certain  P 

portion  of  arsenic  even  when  the  temperature  is  very  hig1- 

1  he  compound  made  of  86  parts  of  silver  to  14  of  arsenic  i 

O  a  dead  grayish-white  color,  brittle,  and  acquires  a  m*'1" 

siW  «  H  iS  very  r«sible.  An  alloy  compo^  ' 

h  s  a  ,  .‘T;’ 00PI>er  49>  “d  arsenic  2,  is  very  ductile  *» 
ci  beautiful  white  ^1  T  a  for  ^ 

manufacture  of  table-  .  .  **  formerIy  „ot 

suitable  on  n  Ware>  f°r  which  it  is,  howe^> 

buicaoie  on  account  of  .  ,  nTseUlC* 

Alloys  of  qi7  P01souous  proprieties  of  the  ‘  - 

All0y8  °J  Sll™r,  copper  ana  y  ,  ■  ,  imPart 

1  >  and  cadmium. — Cadmium  11  1 
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.alter  alloys  great  flexibility  and  ductility,  without  1m- 
,«g  their’  white  color.  Some  of  the  more  important 

alloys  of  this  group  are  composed  of— 


Parts. 


4 

I. 

n.  | 

III. 

IV. 

V. 

VI. 

VII. 

Silver . 

topper  . 

•  atlmium . 

980 

15 

5 

950 

15 

35 

900 

IS 

82 

860 

20 

180 

1 

660 

25 

309 

667 

50 
!  284 

500 

50 

450 

I  preparing  these  alloys  the  great  volatility  ot  tadmiu 

t  betaken  into  consideration.  rlhe  sil\ti  and  ‘  II 
asa  rule,  first  alloyed  ;  the  cadmium  v  1  appcd  i  1  9  ^ 
len  brought  into  the  fused  mass,  the  whole  qua  .  ^  . 

^  once  poured  into  moulds.  By  this  mode  oi  l>rocet ' 
volatilization  of  cadium  is  best  prevented.  ,, 

ilver  is  also  used  in  the  preparation  of  other  alio.. 

■dally  in  connection  with  platinum,  vl  have 

ed  to  later  on.  No  true  alloys  of  silvG1'r*“  where  silver 

II  made,  only  more  or  less  intimate  m  ^  rp]ie  alloys  of 

ears  in  the  shape  of  drops  oi  dtar  vcrv  hard  and 

er  with  cobalt  and  chromium  are  gencia  tion  in  the 
n  .  fnn  nd  no  appn<-“ 

and  thus  far  have  fount 


ies-  .  .rheso  alloys  are  more  used 

ys  of  silver  and  copin’ >■  aiu^  jn  most  countries 

ny  other  compounds  of  .  an<j  silverware,  Sihei 

he  legal  composition  ot  oo  ns>  the  combina- 

pper  L  easily  Pa„dP  its  specific  gravhy 

aking  place  the  proportions  of  the 

less  Van  that  calc^  ^  to  siiver  greater 

>nent  metals- 
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hardness,  strength,  and  toughness,  the  alloys  acquiring  thl 
property  of  giving  out  a  beautiful  sound.  The  presence  oj 
copper  does  not  modify  the  color  of  silver  so  long  as  the 
proportion  of  copper  does  not  exceed  40  to  50  per  cent.;  a 
greater  proportion  imparts  to  the  alloy  a  yellowish  tint  siraj 
ilar  to  that  of  brass,  and  if  the  compound  contains  from  G5 
to  TO  per  cent,  of  copper  the  color  is  reddish,  approaching  that 
of  pure  copper. 

The  alloys  of  copper  and  silver,  though  easily  affected! 
by  the  ordinary  process  of  fusion,  are,  nevertheless,  sub¬ 
ject  to  the  defect  of  separation,  or  “  liquation,”  which  necessi¬ 
tates  certain  precautions  when  running  the  metal  into  I 


moulds.  When  such  an  alloy  is  run  into  a 


cold  ingot 


mould,  the  centre  of  the  ingot  shows  a  lower  degree  of  h1K 

*  the 

ness  than  the  portion  nearer  the  mould  ;  and  even  m  ^ 
monetary  alloys  all  the  portions  are  not  of  the  same  degree 
fineness. 

formerly  the  silver  used  for  coinage  frequently  cl)1^‘ '  ^ 
small  quantities  of  gold,  and  for  this  reason  nearly  nil 
older  coins  are  treated  in  the  mints  by  the  wet  method 
gain  the  gold.  ^  | 

At  the  present  time  the  fineness  of  all  coins  is  deter  in  ^  | 
In  thousandths,  the  standard  varying  according  to  tin  ^ 
the  coins,  and  the  laws  of  the  different  countries, 


tYA  to  tYVV  In  the  following  table  the  composition 
silver  coins  of  various  countries  is  given 


from 
of  *lie 


silver  alloys. 
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Country. 


Austria  . 
Belgium . 

(I 


Brazil.  . 
Denmark 


East  Indies 
%vpt .  .  . 


Coins. 


Fineness. 


Pieces  of  8  and  2  guldens 
5  franc-piece  •  * 

n  LL 


France 


Milreis,  pieces  of  500  anA"(.^  n^ivdaler  •  •  • 
Dobbelt  rigsdaler,  ngsdalei,  hanaai . 

Mark  ()t  rigsdaler)  •  •  •  *  . 

Pieces  of  1,  J,  i  rupee.  •  • 

Pieces  of  20,  10,  and  o  piastres  .  • . 

Pieces  of  1  piastre  _••••'  ’  . 

Pieces  of  A  and  \  piastre  ‘  150  and  20  cen- 
Pieces  of  5,  2,  and  1  franc,  an  1 

times 


900 

897 

835 

916 

875 

500 

916.66 

833 J 

755 

750 


-■  -.'ay . 
£°rtugal . 


Germany  .  Mark  piece  •  ■  •  ,  oVmiinir.  •  !  •  •  •  * 

Great  Britain.  Crown,  half-crown,  and  shilling  . 

Greece. .  .  .  Pieces  of  5,  1,  4,  and  1  draehme  . 

Holland  . .  .  Pieces  of  21,  1,  and  4  gulden  . . 

^  •  •  •  Pieces  of  5,  2, 1,  4,  and  I  J  ,  .  .  •  • 

Itaco  .  .  .  (average  bytJ-  8; O.  S.  Mint 
•  .  .  Peso  of  Maximilian  (a^iage  .> . .  . 

Norway .  .  Pieces^  of  1 ,  A,  A s1>t V^Mint  assay)  •  *  * 

Pieces  of  500  reis  (by  U.  b-  ...  .  •  • 

Thaler  pieces  •  •  ‘  ’  ...••• 

Old  Thalers  before  186J  - 

Pieces  of  1,  4,  and  i  ru 

Pieces  of  4)  tVt  A  ru^  **’..•  *  ‘  *  ’ 

Dollar  of  5  pesetas  •  Mint  assay)  • 

Peseta  (present,  b>'  ,  \  Vriksdaler 
Riksdaler,  crown  and  *  n 


835 

900 

925 

900 
945 
83o 

901 


>ia 


Spain . 


staen  •  •  •  Riksdaler,  crown,  and  F  ..... 

^  :  5SS3 IbJld  dime, 


902) 

875 

.912 

900 

750 

768.5 

750 

900 

835 

750 

800 

830 


900 


. _  ^ -  silver- 

The  fineness  of  silver  used  in  «“ '  the 

.  q  5  o  as 

1  Ure  varies  from  TVA  to  TTnnP 


table- 


Fineness- 

780 

812 

925 


f  950 
\  800 


Countries.  ....  - 

Prussia,  Saxony,  Brunswick 
Austria,  Bavaria  •  •  ...••••' 

England  .  •  •  • 

Prance,  Italy.  seeding  proportions 

BUveranoyedwdtlrc^-^ess^totfistof 

•f*  \VlV£  ^ 

bas,  in  the  form  ° 
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cold-forged  copper.  By  continued  mechanical  manipu  J 
t he  hardness  increases,  however,  and  may  be  made  equal  t, 
t  iat  of  wroughtriron.  Silver  is  also  sometimes  used  for 
casting  small  articles  of  art,  but  it  is  difficult  to  obtain  cast- 
mgs  entirely  free  from  blow-holes.  This  evil  can,  however, 
be  readily  prevented  by  adding  to  the  alloy  a  small  quantity 
ot  zinc,  about  1  per  cent.  The  resulting  castings  will  be 
homogenous,  and  free  from  blow-holes,  while  the  ductility  of 
the  alloy  is  not  in  the  least  impaired  by  such  a  small  per¬ 
centage  of  zinc. 

In  consequence  of  the  frequent  annealing  required  in 

working  articles  of  silver,  they  gradually  acquire  a  steel-gray 

color,  which  is  due  to  the  oxidation  of  copper.  Hence  the 

finished  articles  must  be  subject  to  a  special  manipulation  | 

called  “  blanching.”  This  is  effected  by  boiling  the  articles 

a  fluid  consisting  of  40  parts  of  water  and  one  Par^ 

sulphuric  acid.  The  oxide  of  copper  readily  dissolves  in  * 

mixture,  leaving  the  surface  of  the  article  coated  with  a  k'eI 
of  chemically  pUre  silver  | 

Japanese  have  a  remarkable  series  of  alloys,  in  " 

Z l  “  replace  the  tin  and  zinc  of 

"U  reall.v  thoir  main  alloys,  with  the  except10"  ^ 

Prof.  w.  c  CkT',S<!"  111  th<>  foIlowinS  exampleS  g''l° So- 
cia*y  of  Arts,  June"  13Ai88eo  “  a  ^  ^ 

The  **  "  CaUed  ;  it  contains  : 


Copper,  ... 
Silver  . 

Odd. 

Lead . 

Iron  and  arsenic. 


I. 

94.50 

1.55 

3.73 

0.11 

traces 

99.89 


II* 

95. 

0.0* 

4.1« 


100 


.01 
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As  will  be  seen  from  the  analyses,  the  alloy  contains  m 
addition  to  about  95  per  cent,  of  copper  as  much  as  4  pel 
cent,  of  gold.  It  has  been  used  for  very  large  works.  Colos¬ 
sal  statues  are  made  of  it,  one  cast  at  Nara  in  the 
century  being  especially  remarkable,  4  he  quantity  of  & 
is,  however,  very  variable,  and  certain  specimen* 
only  1.5  per  cent,  of  the  precious  metal. 

The  next  important  alloy  used  by  the  Japanese  i* 

^bu-icld,  the  following  being  typical  analyses  of  it  : 
p  r-  SI  51.10 

^ . If.  4H.93 

Gold .  traces 

Iron .  .  0.52  _ _ 

H  100.15 

99.90 

*i  these  alio}  s- 

here  are  many  varieties  of  it,  but  111  ,, , 

11 'do  and  sbibu-iebi — the  pom  o  order  to  pro- 

i°us  metals  are,  as  it  were,  saciifh  useq  pure,  being 
'  definite  results,  gold  and  silv  ei ,  wl  effect,  f 11 

^’ed  very  sparingly  to  heighten  t  *ltiy  that  the  gol<l 
ase  of  shaku-do,  it  will  he  scen  f  beautiful  rich  purple 
irs  to  enable  the  metal  to  receive  a  .kling  solutions, 

°r  patina  when  treated  silver-gray  tint  ot 

e  shibu-ichi  possesses  a  l)t<;  ,  ic  influences,  bec  oni 

■  which,  under  ordinary  artists  arc 

ial.  These  are  the  P1  combin«tions  ot 

oties  of  them  as  *^tions,  as,  ^.^ouldTorrespond 
-u-ichi  in  various  P  ition  of  «h  of  shibu- 

un-shibu-iclu,  toe  in  gold,  am 

me  part  of  shabu-do  «• 
i,  rich  in  silvel* 


398 


THE  METALLIC  ALLOYS. 

With  regard  to  the  use  of  pickling  solution,  they.™ 
up  respectively  in  the  following  proportions,  and 


boiling. 


Verdigris .  438  grains 

Sulphate  of  copper.  292  grains 
Nitre .  . 

Common  salt  ...  _ 

Sulphur .  . 

^  &tcr . 1  gallon 

Vinegar .  . 


IT. 

III. 

87  grains 

220  grains 

437  grains 

540  grains 

87  grains 

146  grains 

"" 

233  grains 

— 

1  gallon 

1  gallon 

5  fluid  drachms 

So.  I.  When  boiled  in  No.  1 

- -  ..mctj  employed  IS  AO.  1.  \\  lien  uuncuiu*- 

III.  solution,  pure  copper  will  turn  a  brownish  red,  and 
shaku-do,  which  contains  a  little  gold,  becomes  purple. 
effect  of  small  quantities  of  metallic  impurity  as  affecting  the 
color  resulting  from  the  action  of  the  pickle  will  be  ap¬ 
preciated  from  the  following  remarks.  Copper  containing 
small  quantity  of  antimony  gives  a  shade  very  different  from 
that  resulting  from  the  pickling  of  pure  copper.  But  the  Of 
per  produced  in  Japan  is  often  the  result  of  smelting  comiuX 

nrnc«  ^  ^  21  <  i 


is  uittui  me  result  u i 

’  anc^  *he  methods  of  purification  are  not  so  Pel1 
understood  as  in  the  West.  ’ 


•feed.'' 


that  the  so-c*lled 

I 


1U  West.  The  result  is  that  tne  -- 
timony  of  the  Japanese  art  metal-workers,  which  1?1 

2?  °f  c°PPer  called  “  kuromi  ”  is  really  a  <* “ 

soThaT1XtUre  C°ntaini^  ^  cobalt,  and  many  other  «** 

« ***•  senes 


command  •  ,  I1US  an  infinite  series  oi 

thcse  are  u^ed  *  SeCUre  ai^  P^ticular  ^ 


ana 


are  used  witi  •>  -pntih 

reason  for  the  al  •  mU°h  Jud8’ment,  although  the  s  ^ 

den  from  him.  '  ^>tl0n  of  any  particular  sample  may  e  jf 
ular  shade  of  color  £  ^°Uy  accurata  to  say  that  eacbP 
impurity.  result  of  minute  quantites  of  1 
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The  action  of  the  above  mentioned  solutions  is  remarkable. 
Take  copper  to  which  a  small  amount  of  silver  and  a  small 
amount  of  gold  are  added.  The  amount  of  gold  ma)  be  \aii 
able,  and  artificers  often  take  credit  for  putting  in  much  mou 
than  analysis  proves  to  be  present,  but  a  small  amount  of  ^old, 
it  may  be  only  one  per  cent.,  is  sufficient  to  entirely  change 
the  character  of  copper,  and  when  it  is  treated  by  pickling 
solutions  the  result  is  entirely  different  from  that  if  c-oppc 
alone  is  employed.  The  Japanese  also  take  coppei  and 
''  sometimes  half  copper  and  half  silvei,  someth! 
aWt  one-third  silver  and  all  the  rest  copper,  and 
4e lovely  series  of  grey  alloys,  which,  eithei  by  expo 
Spheric  influences,  by  handling  or  by  treatmen  ^ 
u'^ble  pickles,  gives  the  beautiful  series  ot  light 

which  the  Japanese  are  so  particularly  fond  ;  ^ 

"hlch  the  name  shibu  ichi  is  given.  Then  again  ^  ^ 

JlJPer  in  which  small  amounts  of  impurit’  '  which  sel- 
d  the  nature  of  such  impurity  an  sUfficient  to  change 

exceeds  two-tenths  per  cent.,  is  S  working  in  no 

1111  character  of  the  copper.  The  aP  _  -n  varieties  of 
"lah  measure  by  rule  of  thumb,  tine 
JPper  are  best  suited  11  lG'  ~7' 

,r  definite  processes, 

^  store  them  up  and 
^e  them  in  definite 


( fiber  Japanese  al- 

S’s  of  special  interest  ( _ — - — 

**  those  to  which  the  a  ^yu-na^M  <*arbM)- »• 

>  monu-me  (-»^::boyS  -1.W*  *• 

^i\en.  The  characterlS 
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are  taken  in  thin  sheets  and  soldered  together— kuromi  shilJ 

ichi  and  shaku-do  in  alternating  layers,  as  shown  in  thedJ 
gram  Fig.  27  ;  then  you  drill  conical  holes,  A  Bin  them  to  a  I 


Fig.  28. 


H  Shaku-oo 
fiH  Golo 
^Shibu-zshi 
®  Copper 
^  Silver 
®  Reo  Copper 
D  L«ght  Shaku-oo 


greater  or  less  depth,  oi 
roll  them  out,  and  then 
beat  them  up  from  behind, 
and  then  file  off  the  promi¬ 
nences  C,  and  then  beat 
the  sheets  until  the  holes 
are  obliterated,  and,  of 
course,  you  get  these  differ¬ 
ent.  strata,  and  you  produce 
these  beautifully  banded 
effects.  Fig.  28  shows  more  I 
accurately  the  method  oil 
actual  work,  the  Patteru  | 

being  produced  by  beating 

plate 


up  a  seven-n 

°m  behind.  a'>d  filing  the  surface  flat. 


resembling  Silver. 

various  '”i  "i  lnr®C  number  °f  silver-like  alloys  conM"1"1 
for  rnanv  6 *  *’  "hich  aro  used  as  substitutes  for  silver* 

with*^ 

10  **■*  7.  bismuth 

^TO(!_;htarte  flifRouit  40  mse-  ..  -ha 

color,  is  composed  of  "’hloh  has  a  ver-v  beautlf“'  "  , 
f>0,  aluminium  10  bPci  1000  parts,  nickel  700,  t1111" 


A  beaUHful  alloy  closeh 

rescmbli, 


iig  silver  is  11111111 
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iwd  in  Paris,  which,  according  to  an  analysis  by  1  iof. 
lochleder,  of  the  Prague  University,  is  composed  of  copper 
ds parts,  nickel  19.8,  zinc  5.5,  and  cadmium  4.7. 

Mdot’s  alloy.— This  white,  silver-like  alloy  is  claimed  to 
properties  adapting  it  as  a  substitute  for  seveial  alloys 
now  in  use.  It  consists  of  80  parts  of  pure  copper,  2  of  man 
pese,  18  of  zinc,  and  1  of  phosphate  of  lime.  First  melt 
copper,  then  add  gradually  the  manganese,  and  "hen 
to  is  thoroughly  dissolved,  the  phosphate  of  lime.  Remove 
h**  scoria  and  about  ten  minutes  before  casting  add  the 
T"  Promote  the  fusion  of  the  manganese  J  part  of  calcium 
trifle,  \  part  of  borax,  and  1  part  of  cliaicoal  ma) 

wMed. 


1  "urm- Leonard’ x  alloy—  This  alloy,  which  closely 
ss'lver,  is  prepared  in  the  following  manner:  200 
'  tin  are  introduced  into  a  crucible  heated  to 

.  ,  _ of  hell-metal,  pie 


tin  are  introduced  into  a  crucible  hea  •  <e_ 

en  the  metal  is  melted  add  04  parts  of  be  gman 

laly  c _  .  ■,  .  ,1  lfltitils.  Au<i 


16  mCtal  is  meltCd  a<W  f  ,‘  tils  Add  only 
i'  comminuted  to  the  size  of  fc  ^  -ron  rod  to 

"is  at  one  time,  and  stir  the  mixture  add  300 

the  solution  as  quickly  as  possi  >  ^ ^  ap0y  into 

more  of  tin,  stir  thoroughly ,  an  1  ^  copper  in  the 

ds  of  copper  or  sand.  Hy  thc  to  allow  of  the 

aetal,  the  tin  is  sufficiently  hai  ‘  printing  music, 

being  worked  into  table-ware,  plat  . 

A’en  into  jewelry.  shot-copper  1  ounce,  nickel  o 

ark’s  patent  alloy  consists  of  ^  1  10  „rflins.  cobalt 


18  grains 


,s.  goiter  1  d«t.  -  * 

m  1  •  r.»l  ITOI*  1  S5 


umx.  alloy  resembling  s*1't‘r  *“ 

. . alloys  h '  ,  16.5l  cobalt  (in  the  on 

io«ed  of  copper  71  1-*^  -  Some  ulumimum  (about 

ftna 


ide)  1.76,  tin  2 
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I  per  cent.)  may  also  be  added.  Prepare  first  an  alloy  of  all 
the  nickel,  an  equal  quantity  of  the  copper  and  the  zinc- 
then  melt  this  alloy  together  with  the  iron,  the  remainder  of 
the  copper,  the  cobalt,  and  some  charcoal  powder  under  a 
surface  covering  of  charcoal  powder  in  a  graphite  crucible  at 
a  strong  heat.  Allow  the  melted  mass  to  cool  and  then  add 
the  zinc,  previously  alloyed  with  copper,  at  a  temperature 
just  sufficient  for  its  fusion.  Now  take  the  crucible  from  the 
fire,  stir  the  contents  with  a  wooden  stick,  add  the  tin  pre¬ 
viously  wrapped  in  paper,  stir  the  mass  once  more,  and  pour 
out  into  moulds.  But  a  small  quantity  of  zinc  remains  in 
the  alloy,  the  greater  portion  of  it  volatilizing  during  fusion. 


CHAPTER  XVII. 


GOLD  ALLOYS. 


Gold  has  been  known  and  used  by  every  nation,  both  un¬ 
tiled  and  civilized,  from  the  earliest  period  down  to  oui 
It  is  found  among  the  old  Egyptian  monuments,  and 
j *barbarous  nations  have  used  it  in  the  form  of  dust  us 
"  ""'ncipal  medium  of  exchange,  the  instrument  of  associa 
II  hen  America  was  discovered  by  Columbus  gold  A\a 
to  its  inhabitants  ;  the  Chinese  have  used  it  from 
^immemorial;  the  Medes  and  Persians  were  remarkable, 
tven  more  than  other  Asiatics,  for  their  love  of  gold  ;  jewels 
costlJr  description  were  employed  to  indicate  the  ran 
fearer,*  and  this  custom  is  still  continued  in  the  East  a 
•'  present  time.  To  show  the  sacred  value  the  Egyptian 
l('ent  times  placed  on  gold,  it  was  represented  by  a 
' lth  a  dot  in  the  middle,  this  circle  amongst  that  nation 


"‘S  the 


Cold 


symbol  of  divinity  and  perfection. 


uty  ana  enter  into 

is  one  of  the  metals  which  mos  ‘  ^  .o  without 


^  tv  is  without 

nation  with  other  metals.  But  this  Pu  *  majority  of 
JnP°rtance  when  we  consider  the  inutility^^.^  vajue  0r 
K‘ compounds  and  the  necessity  of  not  f  c  tjiat  except- 

•  j.  -i ^  (Jt*l  td-ii1 

^Pairing  its  properties.  Moreovei,  ^  ancj  platinum,  the 
y  its  alloys  with  copper,  sUver’  !™U’  cld  loses  part  of  its 
U,t(*  two  being  without  actual  «  1  1  ^  -t  is  combined  with 
ductility  resistance,  and  cohesion-  Therefore,  it  is  en- 

Oth-  -  -  tin,  lean- 


er  metals  such  as  zinc,  tin>  hJse  alloys  where  gold  loses 


tirely  useless  to  experilllc  ^  ^ 
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not  only  a  part  of  its  money  value,  but  also  those  val„,u 
properties  winch  participated  in  making  it  a  noble  metal. 

The  principal  alloys  of  gold  used  at  the  present  time  ate 

those  with  copper  or  silver,  or,  in  rare  cases,  with  both  this 
metals. 

Gold  and  copper  have  great  mutual  affinity  and  may  be  al¬ 
loyed  in  all  proportions.  The  alloys  are  harder  and  more 
fusible  than  gold  alone.  Copper  diminishes  the  ductility  of 
gold  when  it  enters  into  the  combination  in  a  proportion  over 
10  to  12  per  cent.  The  specific  gravity  of  an  alloy  of  gold . 
and  copper  is  less  than  the  average  of  the  two  metals.  The 
color  of  the  alloy  varies  between  dark  yellow  and  red,  awd 
ing  to  the  quantity  of  copper.  Pure  copper  must  be  used 
the  preparation  of  the  alloys,  as  the  impure  metal  alter.'  tin 
malleability  of  gold  and  may  render  it  brittle. 

Gold  and  silver  may  be  easily  mixed  together,  but  do 
appear  to  form  true  combinations.  These  compounds** 
more  fusible  than  gold  and  are  generally  greenish-white,  ®  ^ 
ductile,  harder,  more  sonorous  and  elastic  than  gold  01  ^ 

considered  singly.  One-twentieth  of  silver  is  suffice  ^ 
modify  the  color  of  gold.  Silver,  like  copper,  increa^ 


iployed  ** 


firmness  of  gold,  and  on  that  account  it  is  emp-  *  ^ 

ous  degrees  of  fineness  for  jewelry  work.  1  hcse  ll 
^ 11  b\  jewellers  under  the  names  of  yellow  (fold  V1 


oilL-  ilalllCo  Ul  yuvv'''  ./ 

d  pale  gold,  according  to  the  proportion  ot  silvd- 
A*  .. — ,  -  with  01 


of  gold 


As  previously  mentioned  the  alloys  or 

r1"!8  ^  °f  no  Poetical  utility  and  need  only  be  • 
:Z  UK  <iC>ld  alloyc<1  with  iron  forms  pale  gra-v 
i  "  0  and  ymewhat  magnetic.  An  alloy  holding  i  0 
J  'V’Y'  111  jweby  under  the  name  of; gray  go’1  ti,|s 

LMd  Sh°WS  “  «r  behavior  towards  gold. 
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every  soft  and  ductile,  but  when  alloyed  they  form  an  ex- 
*dinglv  brittle  metal  of  a  pale  yellow  color,  strongly  crysta  - 
be,  and  hard  as  glass.  According  to  Berthier,  one-half  of 
■e-thousandth  of  lead  alloyed  to  gold  is  sufficient  to  rent  ei 
the  latter  metal  entirely  brittle  and  without  ductility. 

Arsenic  or  antimony  alloyed  with  gold  gins  a  biit  , 
crystalline  alloy  of  a  white  or  gray  color.  Accidental  at  mix 
turesof  arsenic  or  antimony  can,  howe\ei,  be  leino  ^  ^  ^ 
simple  manner,  it  being  only  necessary  to  keep  th 
melted  state  for  some  time,  whereby  the  arsenic  am  <‘n  in 
volatilize,  the  pure  gold  remaining  behind.  . 

«. « »»; . i 

palladium  have  a  brownish-red  color  an  ^ 

'ron-  They  are  sometimes  used  toi  beaih  g  tjian  the 

foe  watches,  as  they  cause  but  little  on  exposure 

W»  vised  for  the  same  purpose)  and  nev  ^  English 

to  the  air.  The  composition  used  m  ^  r  13,  silver  11, 

^factories  consists  of  gold 

Radium  C.  __This  alloy,  which  is  also 

Alloy  of  aluminium  und  9"  '  uged  in  the  roanu  ac 

k»»'v.i  as  mmberg  gold,  is  „  adapted  for  the  purpose 

tute  of  cheap  gold-ware,  w  be“’S.  of  pure  gold  and  remains 

** its  color  exactly  resembles  *  ;t;on  of  most  aide  o 

“"changed  in  the  air.  Th0  “"  'the  following  proport, ons . 

Wibcrg  gold  is  "mminimn  7.5  silver  im. 

Sper  90  parts,  gola  *7  ’  t  ftU  alloy  of  g 
An  addition  TheS° 

.n  i  (rY?cn 

rta  to  it  a  beautu  ^  inlol 


rred  to  in  speaking 


*  of  colored  gold. 
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Preparation  of  Gold  Alloys. 

The  preparation  of  alloys  varies  according  to  the  purpo 
for  which  they  are  to  be  used,  this  difference  being  especial! 
appaient  in  the  moulds  employed  for  casting.  The  manufaci 
turers  of  gold  articles  rarely  use  moulds  for  shaping  the  arti¬ 
cles  excepting  such  as  have  considerable  thickness,  as  seal 
rings,  medals  with  especially  high  relief,  etc.  The  casting ofl 
such  articles  is  generally  effected  in  moulds  of  very  fine  sand 
or  finely  pulverized  and  elutriated  cuttle-fish. 

h  or  coinage  the  gold  is  always  cast  into  ingots  or  bars,  iron 
moulds  being  generally  used  for  the  purpose.  The  bars  an 
either  rolled  out  to  sheet  or  drawn  into  wire,  the  larger  pad 
of  jewelry  being  also  manufactured  from  such  sheet  or  "ire  I 


T  he  shape  of  the  iron  moulds  used  for  casting  varies 


accord* 


be  drawn! 
on  top| 


(roll 


ing  to  the  shape  the  ingot  is  to  have;  for  ingots  to 
out  into  wire  it  is  best  to  use  cylindrical  tubes  open 
and  closed  on  the  lower  end  by  an  iron  plug.  Iheg1 
tracting  strongly  in  solidifying  can  be  removed  f‘'°m 
tubes  without  difficulty.  (  4 

Ingots  to  be  used  for  the  preparation  of  gold  ph'U 
cast  in  the  form  of  four-sided  prisms,  casting  holh  . 
corresponding  bowl  being  used  for  the  purpose. 


For  cas> 

very  thin  plates  upright  ladles  covered  with  a  level  } 
also  used. 

The  melting  of  the  metals  constituting  the  alio}-’  ^ 
effected  in  graphite  crucibles,  the  gold  being  in  Cl1*'  y 
nelted,  and  as  it  does  not  oxidize  even  at  a  red  bea  , 
tccting  cover  is  not  required.  The  gold  being 
cited,  it  is  heated  as  strongly  as  the  furnace  "d  1  ^ 

tin  other  metals  previously  corrverted  into  s|1^‘ 
are  then  introduced.  On  account  of  the  great  density 
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.  .*  thnt  of  the  other  metals,  the  mixture  of  the 

(iUjUid*1  1  ith  an  iron  rod  sharpened  on 

jab  is  promoted  by  shrrmg  with  an -ron  then 

0, joint  and  made  previously  red  hot.  suitable 

milt  withdrawn  and  its  contents  poure  m  '  a(J_ 

Mtnonld,  previously  warmed  and  greased  to  pr 

The  warming  of  the  mould  is  quite  indispensable, 

Fig.  29. 


w—  .  into  it  wilt 

Hade  too  liot  the  metal  on  hemg  loss  of  golil. 

It  is  hot  enough  when  the  hen 
for  a  second  or  so. 
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or 
envel- 
the 


The  melting  point  of  gold  being  very  high,  the 
used  should  have  a  good  draught.  In  some  mints . „ 

alloy  daily  large  quantities  of  gold  and  silver,  furnaces  heatal 
by  gas  are  used. 

I  lie  furnace  used  by  most  manufacturers  of  gold-ware  is, 
however,  the  wind-furnace,  one  admirably  suited  for  the  pur¬ 
pose  being  shown  in  Fig.  29.  The  crucible  and  fuel  are  in¬ 
troduced  through  an  oblique  iron  door  lined  inside  with  lire 
cday.  These  furnaces  can  also  be  used  for  the  preparation  of 
granulated  gold,  frequently  used  by  gold-workers  in  tie 
manufacture  ot  jewelry.  For  this  purpose  thin  sheet  gold 
wiie  is  cut  with  scissors  into  small  pieces,  which  are  en\ 
oped  in  charcoal  dust  in  a  graphite  crucible  and  heated  inth 
furnace,  the  pieces  of  gold  melt  to  small  balls  of eorre 
ponding  dimensions,  which,  after  being  freed  from  adhui , 
foieign  bodies  by  washing,  are  separated  into  sizes  bv  lia  ^ 
through  a  sieve. 

{jljX 

hen  it  is  desired  to  produce  very  tough  gold,  use  a  .. 
tablespoonful  of  charcoal  and  one  of  sal  ammoniac, 
it  to  the  gold  just  before  melting ;  the  sal  ammoniac |,u^ 
away  while  toughening  the  gold.  The  employment  o 
mixture  of  sal  ammoniac  will  bring  the  ingots  of  g°  ^ 
bright  and  clear ;  it  will  also  prevent  them  from  spllttlllc 
a  eking  when  rolled  and  in  subsequent  working-  jJ, 

n  lunching  scrap-gold  from  the  work-shop  ar,d  c  ,j. 
care  should  be  taken  that  they  are  not  too  much  <*°n  ^ 
!'fed  s°lder  and  are  free  from  organic  matter, 
m  solder  used  in  soldering  gold-ware  contains  tin,  l*'  . 
mu  i,  and  sometimes  zinc,  and  the  presence  of  tb<**  1  jf 

*'S  an  1DJUrious  effect  upon  the  ductility  of  the  go1  '  ^ 

recommended  to  separate  much-contaminated  gold 
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foreign  metals  by  the  wet  process,  and  alloy  the  resulting 
chemically  pure  gold. 

Inmost  countries  there  are  legally  fixed  standards  tor  gold 
alloys.  Generally  such  alloys  are  considered  as  consisting  of 
so  many  carats  to  the  unit,  the  pound,  or  half  pound  being 
divided  into  24  carats,  each  of  which  contains  12  grains. 
What  is  termed  18  carat  gold  is  a  unit  of  24  carats  of  alloy 
containing  18  carats  gold  and  0  of  copper.  Since  the  inti <> 
faction  of  the  decimal  system  in  many  countries  the  fineness 
"1  gold  alloys  has  been  determined  by  thousandths,  tlu  tin* 
Dess  °f  the  alloys  being  officially  expressed  in  this  tnannei 
Notwithstanding  the  simplicity  of  the  system,  many  nun 
faeturers  still  hold  to  the  old  method  and  calculate  according 
' carats  and  grains.  To  save  calculation  the  con\c 
Carats  and  grains  into  thousandths  is  given  in  the  lollo'vin* 


1  grain  = 

2  « 

3  « 

4  u 

5  u 

6  tt 

7  it 

8  It 

9  « 

10  t, 

n 

12  tt 

1  Carat  = 

2  «t 

3  it 

4  t, 

5  it 

6  tt 


3.47 

6.95 

10.42 

13.89 

17.36 

20.84 

24.31 

27.78 

31.25 

34.73 

38.19 

41.67 

41-667 

83.334 

J25.061 

166.667 

208.333 

250.000 


7  carats = 

8  “ 


10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 
21 
<7*2 


tt 

tt 


bt 


tt 

it 

bt 

t* 

tt 

tt 

tt 

it 

tt 


28 

24 


tt 

tb 


291.666 

333.333 

374.999 

416.667 
458.630 
500.000 
541.66/ 

583.333 
624.555 

666.667 

707.333 
750.000 

791.666 

833.333 

874.999 

916.666 

958.333 
1090.000 
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Ers«  of  Gold  Alloys. 

Gold  alloys  are  principally  used  for  coinage  and 
articles.  They  are  further  employed  in  the 
genuine  gold-leaf,  in  the  preparation  of  genuine  Leonkm 
(which  consist  of  silver  coated  with  gold),  and  in  filling  teeth. 

Standard  gold. — The  alloy  used  at  present  in  all  countries 
lor  gold  coins  consists  of  gold  and  copper.  Many  coins  con¬ 
tain  a  small  quantity  of  silver,  but  this  is  due  to  a  contarain- 
ation  of  the  copper  with  this  metal,  many  copper  ores  contain- j 
ing  silver,  but  in  such  small  quantities  that  the  separation  of 
the  two  metals  would  not  pay.  As  coins  are  subjected  to  con-  , 
siderable  wear  through  frequently  passing  from  hand  to  hand,  I 
the  amount  of  loss  occasioned  thereby  is  worthy  of  some  littlii  ^ 
consideration.  Of  course,  this  amount  will  be  in  prol)or^ 
to  the  length  of  time  the  coins  have  been  in  circulation- 
provide  against  this  the  English  government  alio"'  11 
leign  to  be  a  legal  tender  till  it  is  reduced  not 
grains,  the  difference  between  thi«  and  the  full  standard 
of  123.147  grains  being  the  remedy  allowed  by  English  ^ 
for  abrasion  or  loss  by  wear.  The  depreciation  of  a  (-’0111^ 
pends  upon  its  hardness,  wearing  much  more  when 
also  upon  the  rapidity  of  circulation.  In  most  could  ^ 
fineness  of  gold  coins  is  fixed  by  law,  and  though,  as  *1 
.seen  from  the  following  table,  the  differences  are  \ '  J0nt 

in ci  ce  would  be  greatly  facilitated  if  all  countries  won '  ‘ 
a  universal  standard  of  fineness. 

ducats,  Huile-ai-inn  f.nn 


ion 
To 

a  sove- 

below  122-5 
eight 


u 

u 


Parian  .  . 
Austrian  . 
Dutch 

i8«;: : : 
rUS8,an  ^Hohsd'or 


9S9  tbouss 
,  9S0 
9S2 
916 
902 


a 

a 
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German  gold  coins 
Austrian  crowns 
French  gold  coins 
Belgian 

Italian  j .  900  thousandths. 

Swiss 

Spanish  j 

Greek 

United  States 
Chinese 

Older  German  gold  coins  (pistoles)  .  .  •  •  895 


i  the  manufacture  of  jewelry  alloys  ot  gold  C0PP^ 

ith  silver,  or  with  both  metals  are  used.  1  he  ^ 

)er  alone  is  termed  red,  while  if  silver  is  used  it  ” 
and  if  both  metals  are  alloyed  with  gold  the  carata  ion 

,Fmed  ****  ^  most  countries  there  ^2  carat 

dards  for  gold  jewelry.  In  Englan  »  ’  France  18, 

'  is  stamped,  or,  as  it  is  termed  Ball  rnai^e  , 

o  i  a  nnd  18  carat,  ana, 


ul  22 


iped,  or,  as  it  is  termed  Ball  vM  y  - 

c  u  and  18  carat,  ana, 

carat,  in  Germany  8,  ,  ^ed  for  jewelry  to 

the  term  joujou  gold,  a  6  carat  go  ^  ^  protection  to  the 
tro-gilt.  Though  this  is  intern  e^  ^  d  alolie  on  the 
the  price  of  the  articles  does,  i  G11  the  labor  ex- 

ty  of  gold  used,  but  to  a  these  legal  regula- 

1  on  its  production,  and, 

tte,  in  many  cases,  lUusn  0  legally  fixed  b}  the 

he  following  table  the  got  ^  may  be  remarked  that 
ls  governments  are  g^’  aistingUished  by  their  color 
rtain  ornamental  H®**  is  ^ 

deviation,  though 
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Fineness. 


583 

583 

583 

666 

666 

750 

750 


Parts. 

Gold. 

Silver. 

Copper. 

14 

6 

4 

14 

3 

7 

14 

1 

9 

16 

4.66 

3.33 

16 

1.60 

6.40 

18 

3.50 

2.50 

18 

J 

2.50 

3.50 

1 

Color. 


yellow. 

dark  yellow. 

very  red. 

yellow. 

red. 

yellow. 

red. 


Gold  alloys  which  can  be  legally  used  in  various  countries. 


England  . 
France 
Belgium 
Italy 
Austria,  No.  I.  . 
“  No.  II. 
“  No.  Ill 


highest 

second 

third 


standard 

u 


Fineness. 
.  .750 
.  .  920 
.  .840 
.  .750 
.  .326 
.  .  o4o 
.  .  767 


Pforzheim  gold-ware. 


Fineness. 


Ordinary  ware  (joujou)  ....  .130  to  250 

Finer  quality .  .  563 

Finest  quality .  583  to  750 


Elastic  gold  alloy  (spr 


Gold.  Silver.  <Wr' 
Parts.  Parts.  PartS* 


mg  gold)  ....  2.66  2.66 


5.33 


incorporated  in8t^bgoiSdh°r  ‘h®  ProPortions  °f  various  inci->ls 

(  alloys  used  by  jewelers: 
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Parts. 

Carats. 

1 

Copper. 

Silver. 

Gold. 

- - 

\ 

1 

2 

\ 

1 

2 

23 

22 

20 

1  Q 

18 . 1 

3 

3 

lo 

15 

13 

12 

10 

9 

8 

6 

3 

13 . 

8 

3 

\i . 

8J 

3J 

10 . 

10 

4“ 

9. 

m 

m 

41 

8.  .  . 

5  \ 

9" 

8 

7 

- _ 

(olored  gold. — As  previously  remarked,  the  color  of 
k''-  varies  according  to  the  proportions  ot  copper  <>i 

Manufacturers  of  jewelry  and  other  gold  5\are  ^ 
•^nsive  use  of  the  various  colors  ot  alloys,  one  aitie 
frequently  composed  of  several  pieces  of  different  co  ors^. 
Jhe  ^pended  table  gives  the  composition  of  the  al  oys  mo 
gently  used,  with  their  specific  colors  : 


75.0 

74.6 
75.0 

1.0 

4.0 

14.7 

14.7 
3.0 
10,0 

1.0 

1.0 

30.0 

4.0 

29.0 


1.0 

10.6 

11.4 

12.5 
2.0 
3.0 
7.0 
9.0 
1.0 
1.0 


3.0 

11.0 


Parts. 


Copper. 

Steel. 

9.7 

— 

i  1.0 

— 

6.0 

4.0 

1.0 

4.0 

1.0 

C° 

2.0 

1.0 

— 

1 

Color. 


Cadmium* 


oreen . 


u 

a 


pale  yellow, 
dark  yellow 


pale  red- 
dark  red. 

it 
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The  alloys  containing  cadmium,  given  in  the  above  table  < 
are  malleable  and  ductile  and  can  be  used  for  plating  To 
prepare  them  the  constituent  parts  must  be  carefully  melted 
together  in  a  covered  crucible  lined  with  coal  dust.  There 
suiting  alloy  is  then  remelted  with  charcoal  or  powdered 
rosm  and  borax  in  a  graphite  crucible.  If,  notwithstanding 
these  precautions,  a  considerable  portion  of  the  cadmium  vol¬ 
atilizes  the  alloy  must  be  again  remelted  with  an  excess  of 
cadmium  to  bring  it  up  to  the  required  percentage. 

In  modern  times  certain  alloys  of  gold  are  also  prepared  by 
the  galvanic  process,  and  articles  showing  various  colors  are 
now  manufactured  by  this  method.  It  is  generally  done  by 
immersing  the  article  of  gold  in  a  diluted  bath  of  chloride  of 
gold  in  which  is  a  plate  of  silver  connected  with  the  positin' 
pole  of  a  battery  :  silver  separates  upon  the  gold,  a  certain  d- 
loy  being  formed  which  is  used  as  a  basis  for  further  coloring- 
hen  the  desired  color  has  made  its  appearance,  the  jdatt  ot 
silver  is  replaced  by  one  of  colored  gold,  whose  color  corre¬ 
sponds  to  the  shade  the  article  is  to  have. 

^  n  many  factories  it  is  customary  to  color  the  finished  gP» 

^  6  ’  *°  *mPart  to  them,  by  treatment  with  age,lt 
chem'  6 r\^  dlssolving  copper,  a  color  approaching  t,iut  1 

chemically  pure  goR  By  ^  ^  J  ^  ^  0f 

copper  r’-1  1S,  deCOmposed  on  ‘he  surface  of  the  article-  * 
pper  being  dissolved  out  n  n  •  u  -nrface  of tbe 
article  to  remain  i  '  By  allowinS  the  surf  tbe 

copper  is  enti  i  ^ COntact  with  the  bath  for  some  tin* 

acteristic  color  remT'01^’  &  1&yer  °f  pUre  g°ld  ^  ^ 

act  for  a  shorter  time  ?8  behind‘  BT  allowing  the  * 
and,  bv  skilful  rna  '  °n  '  &  port^on  °f  the  copper  is  cli^50  ^ 
and  yellow  can  be  ;  *  da,ti°n,  the  various  shades  bet^e*1 

mparted  to  the  article. 


CHAPTER  XVIII. 


ALLOYS  OF  PLATINUM  AND  PLATINUM  METALS. 

Platinum  alloys  readily  with  all  metals.  Ma“^ujh^r 
oys  possess  properties  making  them  extreme  }  _ 

tttain  purposes  and  they  are  frequently  usrfm^e^  ^ 


torn  purposes,  and  they  are  frequent  >  us  , 

tore  of  artificial  teeth,  measuring  scales,  arU  ^  ^  ^  pjat. 

4  to  especially  strong  mechanical  action.  (  ^ r^ich  the 

and  iridium  are  used  for  cylinders  in  ^ 

uch-hole  of  cannon  is  to  be  bored).  Pure  Platlj^  to 
1  its  alloys,  with  iridium  and  palladium,  being^^^^^  of 
l0st  chemical  agents  is  much  used  in  tirium  vessels 

todard  weights  and  scales.  The  so-ca  e  0f  sul- 

^  in  the  laboratories  of  chemists,  in  nia  „enerally  of 

huric  acid  and  other  chemical  products,  con* 
latinum  alloyed  with  one  of  its  allied  me  ^  ,  but  gen- 

^ he  platinum  occurring  in  natuie  those  most  he' 

'%  contains  a  number  of  othei  ‘  ^  iron,  palladium, 
gently  associated  with  it  being  S  further  small  quan- 

toiium,  iridium,  ruthenium,  jho  rat-on  0f  these  mtta 

;ities  of  nickel,  cobalt,  etc.  The  m  explains  why  t  e 

Occurring  in  combination  wit  t  P  others,  the  na  ™ 

Wr  rLl  combines  so  »<*  “  ,h6 

platinum  occurring  in  natur  ,  tinUm  alloy-  a 

^e  ^  onhewoTd.bu^P  ^  vwy  hi^^, 

Platinum  inciting  tion  heated  "  roelt- 

Vace  of  peculiar  of  the  alloys- 

gas  is  required  f°r  tht  1  (  415  ) 
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H‘f  p011lt  0f  the  latter  is>  however,  frequently  so  lovastJ 
a  low  of  their  being  mdted  in  ordinary  fun,ace,  ^ 

following  we  will  briefly  describe  a  platinum  furnace  exhil> 

ited  by  the  French  government  at  the  Paris  Exhibition  in 

1878>  wllich  «sed  for  melting  the  platinum  required  in  the 
manufacture  of  standard  meters. 

Hus  furnace,  or,  more  correctly,  melting  apparatus,  coni 
sihts  of  an  oblong  bowl  of  lime  with  a  cavity  capable  of  hold¬ 
ing  440  pounds  of  melted  platinum.  Upon  this  bowl  a  lid  of 
lime  can  be  lowered  by  means  of  a  lever  mechanism.  In  this 
lid  are  so-called  Daniell’s  cocks,  used  for  ordinary  oxv-hvdro- 
gen  blow -pipes.  The  products  of  combustion  escape  through 
apertures  in  the  periphery  of  the  bowl.  The  oxy-hvdrogen 
t.as  used  in  this  apparatus  does  not  consist  of  oxygen  a11'! 
h\  drogen,  but  of  oxygen  and  illuminating  gas. 

for  the  preparation  of  platinum  alloys  on  a  small  scale  an 
-  ’ ‘  . be 


x  - picUlllUlll  HllUyS  Ull  Cl  OIL*"." 

apparatus  resembling  the  above  in  its  main  features  nap 


can 


be 


CD  - ~  - 

u-  od.  A  bowl  holding  several  pounds  of  platinum 
ashioned  from  chalk  over  a  wooden  mould,  and  is, 
use,  converted  into  caustic  lime  by  heating  to  a  white  beat- 

‘  n  °rdlUary  oxy “hydrogen  blow-pipe  is  used,  the  comp*88* 
oxygen  and  hydrogen  being  contained  in  strong  vessels,  or  uj 

,,21!  *tl0ng  canvas  111  ade  gas-proof  by  several  coat*0 

tion  th-,  i  SU  a  bowl>  ^  must  be  taken  into  con** 

of  oxygen,  ^nd^  **  ^  °xidized  by  the  ^ 

oxy-hydrogen  bl  mUst  be  had  to  set  the  C°Ck'  °,i  ev 

eess  of  hydrogei°"  S°  tbat  tlle  flame  receives  a  *,lia  pf 
platinum  required  t* /rei^ing  the  alloys  the 

other  metals  are  added  ah  hWght  into  duX’  an<1  % 
bd  of  the  bowl  whim  at  °nce  through  an  apertuu 

uhiUi  otherwise  is  cIoseAvith  a 


tb° 
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Immediately  after  the  introduction  of  the  metals  into  the 
(used  platinum,  the  flame  can  be  modified  or  in  some  cases 
entirely  extinguished,  the  alloys  having,  as  a  rule,  a  much 
lower  melting  point  than  that  of  platinum.  rlhe  melted  alloy 
is  east  in  ingots  or  cylindrical  bars  in  moulds  of  lime.  The 
ingots  are  especially  adapted  for  rolling  out  into  sheet,  w  hile 
the  bars  are  more  suitable  for  wire. 

Mkys  of  platinum  and  iridium. — Pure  platinum  is  a  \tn 
'ft  metal,  being  scarcely  harder  than  gold.  1  he  solidity  of 
platinum  articles  found  in  commerce  is  nearly  always  due  to 
presence  of  a  certain  quantity  of  iridium,  and  for  the 
“tanufacture  of  vessels  alloys  of  the  two  metals  are  used. 
11 )  are  much  harder  and  more  tenacious  than  puie*  ph 
IJl11  and  more  capable  of  resisting  chemical  agents,  an  a  y 
^  Parts  of  platinum  and  10  of  iridium  not  being  atta  ’  ‘ 
'enby  mtro-muriatic  acid.  Vessels  prepared  from  this  a 
*hen  ^ed  become  very  lightly  coated  with  pure  iridium,  am 
are  tben  indifferent  to  mechanical  and  most  chemica  m  u 
On  account  of  their  great  ductility  these  all  3 
**  out  cold  to  a  very  thin  sheet  and  drawn  to  verj 
"ire. 

(>  other  alloys  of  platinum  with 

t^ld  no  technical  application  up  to ’  advantageously 

i  6  ull°y  with  palladium  could  cei  ai  ^  gtrength  a„d  duc- 
^'1  for  many  purposes  on  account  <  ,  other  precious 

S-.  Among  the  alloys  of  extent  in 

lr'l‘tals  there  are  several  which  are  th  are  prepared 

etal  industry,  ,  lira  with 


Vurious  branches  of  the  metal  m  _  ’  or  piatinum  with 
eitber  bv  themselves  (platinum  ^  etc. 

Sllver)  or  with  addition  of  tm,  ^  ^  ^  metals  may  be  al- 
Alloys  of  platinum  9°  ' ' 

27 
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loyed  in  all  proportions,  but  on  account  of  the  refractory  na¬ 
ture  of  the  platinum  the  combination  takes  place  only  at  a] 
very  high  temperature.  A  very  small  quantity  of  platinum 
suffices  to  change  the  properties  of  gold  to  a  considerable  ex¬ 
tent.  With  a  very  small  percentage  the  color  becomes  sensi¬ 
bly  lighter  than  that  of  pure  gold,  and  the  alloys  show  a  high  I 
degree  of  elasticity,  which  they  nearly  lose,  however,  if  the  I 
content  of  platinum  exceeds  20  per  cent.  The  melting  point  I 
of  the  alloys  is  very  high,  and  those  with  70  per  cent,  plati¬ 
num  can  be  fused  only  in  the  flame  of  oxy-hydrogen  gas. 
Alloys  containing  less  platinum  may  be  prepared  in  a  fur- 
nace  which  must,  however,  be  capable  of  producing  the  1 
strongest  white  heat  possible.  The  application  of  platinum- 1 
gold  alloys  is  limited  ;  one  containing  from  5  to  10  pel  cen  I 
platinum  is  used  in  the  form  of  sheet  and  wire  in  the  mo 
facture  of  artificial  sets  of  teeth. 


Platinum-gold-alloys  for  dental  purposes : 

Platinum . g  14 

Gold .  2  4 

Silver .  j  6 

Palladium .  .  — 


10 

6 


tinuio 


Alloys  of  platinum  and  silver. — By  an  addition  of  ^ 
the  hardness  of  silver  is  increased  and  its  pure  white  #f 
changed  to  gray,  an  alloy  containing  but  a  few  Per  ce"  'er. 
platinum  showing  a  much  darker  color  than  pu^  81  , 
oys  with  17  to  35  per  cent,  of  platinum  are 

“own,  88  1>latiw  au  Mre.  Their  use  is  limited,  they  &  ^ 

one  y  employed  in  dentistry.  The  alloys  are  diftil\  ,  is 
oduce  on  aceount  of  the  liquation  of  the  platinum, 

due  to  superior  specific  gravity. 

-  of  plahnnra,  gold>  siw_  ^  pa^uro._The 
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of  these  metals  are  especially  prepared  for  dental 
purposes,  and  the  compositions  of  those  found  in  commerce 
vary  very  much.  They  are  best  prepared  with  the  assistance 
of  oxy-hydrogen  gas,  though  it  is  possible  to  fuse  them  in  an 
ordinary  furnace.  The  readily  fusible  metals  are  first  melted, 
and  after  increasing  the  fire  as  much  as  possible  the  platinum 
metals  are  added.  In  the  following  the  compositions  of  a  few 
■  these  alloys  are  given  : — 

Pktinor. — The  alloy  known  under  this  name  in  commerce 
Has  a  beautiful  golden-yellow  color  (hence  its  name)  without 
staining  any  gold.  It  consists  of  varying  quantities 
I'latinuin,  silver,  copper,  zinc,  and  nickel,  the  vaiiati  ^ 

4e  Percentage  of  copper  and  zinc  being  very  likely  due  o 
lhe  feet  that  the  two  metals  are  not  used  directly,  but  m  ie 
hm  of  brass.  The  use  of  the  latter  has  the  advantage^ 
iia^ng  the  alloy  more  homogeneous  and  em_ 

;;K  the  loss  of  zinc.  An  alloy  with  a  ^"may  be 
lng  that  of  pure  gold  and  quite  constan  1  ^  copper,  add 

,lafleas  follows:  Melt  1  part  of  silver  wv  ^  ^  nickel>  aIid, 

' the  melted  mass  2  parts  of  brass,  then  ^  ^  furnace 
*t(?r  raising  the  temperature  to  the  1  which  is  best 

"CaPable  of  producing,  2  parts  of  P®  so.called  plat- 

^  in  the  form  of  a  very  fine  P^’ 
ln«m-black. 

%ti 


,.V0S  attention,  it  po^ess- 

’inum-bronze.- — This  alloy  de^  same  extent  in  other  al- 

3  +n  tlih  ^  x:^„Tr,.Krnnzes 


Winvmr  bronze.  — qhis  ai  j  game  extern/ 

!  Properties  .rot  to  be  ^  Platinum-bron^ 

s>  and  besides  it  *  a*  ^  “  V  J 

.  .  .  action  iong  time.  Up  to 

!  Uidiffprpnt  to  the  <l°  .  tre  for  a  i°ufo 

i.  ,  .  bright  h  •  nsej  f0r  tableware  and 

Wished  retain  their  -.ly  been  *  . 

,  ’  .  they  haVe  ‘  ii v  on  account  of  their  sonor- 

-  present  time  they  -osionalv  * 

rid  occa*1 

ilcles  of  luxury,  aI 
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ousness,  for  bells.  Besides  tin,  platinum-bronze  always  coni 
tains  platinum  and  some  compositions,  a  certain  quantity  oi 
silver,  which,  however,  can  be  replaced  by  a  corresponding 
quantity  of  brass,  without  impairing  the  resistance  agains 
atmospheric  influences.  The  following  table  gives  the  com' 
position  of  some  varieties  of  platinum-bronze : — 


Uses. 


For  table  utensils .... 

‘I  bell« . 

articles  of  luxury  .  . 
“  tubes  for  spy-glasses, 
ornaments . 


Parts. 

Nickel. 

Platinum. 

Tin.  Silver. 

Brass- 

100 

1 

10  - 

— 

100 

1 

20  2 

100 

0.5 

15  - 

100 

20 

20  — 

120 

60 

10 

jliJU 

Alloys  of  platinum  with  the  base  metals. — Among  die  al  .  ^ 
of  platinum  with  the  base  metals  only  those  with  coppc 
iron  are  of  importance.  The  other  metals  also  form  !l1^ 
with  platinum,  which,  howTever,  are  not  suitable  foi  ( 
purposes.  The  alloys  with  iron  are  also  of  secondary  llltc  , 
since  platinum-iron  and  platinum-steel  have  not  toun  j 
general  application  in  the  industries  which  was  at  ***  1 
prophesied  by  many.  It  may>  however,  be  said  that  a  * 
tie  1  10n  vf  platmum  imparts  to  steel  many  excelled  Pr°  , 
bemrfo  y  C°nSiSting  °f  1  P-t  of  platinum  and  70  J 
able  for  *  lnStance’  on  account  of  its  great  hardness,  'el*  h 

«;hi  "“5.“:  •*  rs# 

cent,  of  platinum  is  ol  ’  *  COntaining  °"  'V  ! 

With  pure  iron  nlar  ' *°  be  the  m0St  suita1’  &  .  ,..v  d# 
cult  to  fuse,  and  so  haT*1  f°rn‘S  a  stecl‘Kra-v  maSS  '!  'by  tK 
best  file.  Berth ier  tried  T  t0  be  scarcely  scratch^  L& 

all°ys  made  of  1  part  of  P  1 
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(itbfiom  4  to  10  parte  of  iron.  The  fracture  of  the  alloy  was 
Loi  granular,  and  it  was  possible  to  flatten  the  me. 

till  a  hammer  before  breaking  it.  _ 

Mys  of  platinum  and  copper. — These  alloys,  possessing  ^ 

seat  ductility  and  toughness  a  very  beautiful  color,  can  ^ 
vantageously  used  for  some  technical  purposes.  1  he  co 
die  copper  is  modified  by  the  presence  of  a  comparative  } 
quantity  of  platinum,  copper  containing  but  4  pier 
it  showing  a  rose  color,  which,  in  the  presence  of  m 

soon  changes  to  golden-yellow. 

Iht  alloys  of  copper  with  platinum  are  very  ductile,  r  " 
aiid  easily  worked.  By  adding  zinc,  a  mixture  of  meta  ^ 
Stained  which,  as  regards  color  and  durability  ot  h  ’ 
"“alt°gold,  and,  for  this  reason,  is  used  in  the  manufac  ure 

laments.  The  properties  of  the  alloys  vary  very  mu 

’^g  to  the  quantity  of  metals  they  contain,  an  , 
l  ***  adaPted  for  many  technical  purposes.  ^  com. 

^ yellow  alloys  of  platinum  and  copper .  suit- 

their  color  approaches  that  of  pure  ^  J  &nd 
^  manufacture  of  jewelry  and  other  ornamen  ^ 

W  8  ^  Ptice  °f  the  “etalS  “Lily  &  color  they 

Jf*  gold,  ou  account  of  their  much  lower  P»o  . 

9 y  their  durability.  the  manufacture  of 

composition  of  the  alloys  use  rphe  following  are> 

l^ents  varies  within  very  wide  lmu  s- 
°'VeVer,  the  most  important : 
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Platinum 
Copper  . 
Zinc  .  . 
Silver  . 
Brass  .  .  . 
Nickel  . 


Parts. 


I.  II.  III.  IV. 
2  20  7  3 

5  —  16  13 

-  —  1  - 

1  20  -  - 

2  240  -  - 

1  120  —  — 


The  alloy  No.  IV.,  which  is  known  as  Cooper’s  gold,  i| 
especially  adapted  for  ornamental  articles,  it  having  a  color 
which  cannot  be  distinguished  from  that  of  18  carat  gold, 
even  by  a  close  comparison.  It  can  be  drawn  out  to  thel 
finest  wire,  and  rolled  out  to  very  thin  sheet. 

Other  alloys  suitable  for  ornaments,  on  account  ol  th®1 1 
gold-like  appearance,  are  composed  of — 


Platinum  .  . 
Copper .  .  . 
Zinc  .  .  .  . 


Parts. 


he  success  in  preparing  these  alloys  depends,  ho"e 
usmg  metals  entirely  free  from  iron,  experiments  h* 
8  °^n  that  the  part  of  the  weight  of  the  alloy  0 
stdtuent  ^  U  sensibly  brittle.  If  any  one  of  the 

beautifuul? wTr  ^  ^ 

make  it  impossible  t  ®too^ard»and  besides  so  b 
to  thin  sheet.  °  U  out  into  fine  wire  °T  U 

Cooper  has  thorough  iv  .  f 

alloys,  and  to  his  res e*/^***11***  the  ProPertieS°  inu 

1  hes  we  are  indebted  for  some 
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»,  compositions  which  he  has  termed  mirror-metal  and  pen- 
,*1,  they  being  especially  suitable  for  these  purpose* 

Cooper's  mirror-metal. — Copper  35  parts,  platinum  , 

1>  16.5,  arsenic  1.  This  alloy  being  entirely  indifferen 

to  the  action  of  the  weather,  and  taking  a  beautiful  pol' 

account  of  its  hardness,  is  especially  adapted  for  the  m 
facture  of  mirrors  for  optical  instruments. 

Cooper's  pen-metal. — The  preceding  alloy  is  also  very 
able  for  the  manufacture  of  pens,  but  is  too  expensiv  t  t 
Pete  successfully  with  steel.  An  alloy  frequently  used  for ’  t  J 
preparation  of  pen-metal  consists  of:  Copper  1  01  1 

platinum  4  or  50,  silver  3  or  36.  .  . 

Their  great  hardness  and  resistance  against  atmosp  eat  i 
fences  make  Cooper’s  pen  alloys  very  suitable  for  t  re 
facture  of  mathematical  and  other  instruments  o  ?***’ 
^  cau,  for  instance,  scarcely  be  calculated  hov  ^  an  ap 

!1°meter>  whose  brain  of  wheels  is  construct*  °^butable  t0 

lfjy,  can  run  before  it  shows  any  irregulari  y 
Palladium  alloys. — Palladium  occur*  ass  re^njng  platinum. 

and  is  Gained  as  a  by-product  employed 

Ure  palladium  is  but  little  use  •  ^  apVanic  process  or  of 

'u  the  preparation  of  mirrors  by  t  instruments. 

semicircular  protractors  for  hue  ma  frequently  used  in  the 
The  pure  metal  is,  however,  more  ^  dentistry 

Reparation  of  alloys  which  are  The  most  important 

tad  in  the  manufacture  of  fine  «  the  so-called  palla- 

of  these  alloys  are  the  silver  alloys 

dium  bearing-metal.  . — This  alloy ,  which  is  a 

AUoyeofpal^^^,  consists  of  9  —  of 
exclusively  *sed  *° 
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palladium  and  1  part  of  silver.  It  does  not  oxidize,  and » 
therefore,  very  suitable  for  plates  for  artificial  teeth.  The 
following  alloy  is  still  more  frequently  used:  Platinum  10 
parts,  palladium  8,  gold  6. 

Palladium  bearing-metal. — This  alloy  is  uncommonly  hard, 
and  is  said  to  produce  less  friction  upon  arbors  of  hard  steel 
than  the  bearings  of  jewels  generally  used  for  fine  watches. 
Ihe  alloy  has  the  following  composition  :  Palladium  24  parts, 
gold  72,  silver  44,  copper  92. 

Palladium  alloys. 

I.  11- 

Palladium  . . 20  ^ 

Gold . 80  M 

Silver . —  ^ 

Copper . — 

Alloy  No.  I  is  white,  hard  as  steel,  unchangeable  in  the 
and  suitable  for  dental  purposes.  Alloy  No.  II  is  ie<^  ^ 
hard,  has  a  very  fine  grain,  and  is  especially  suitable  h  1 
bearings  of  watch-works.  ^  ^ 

Ihe  alloys  of  the  other  platinum  metals  are  but  litt  ^ 
particularly  on  account  of  their  rarity  and  costlines-  ^ 
alloys  of  platinum  and  iridium  are  only  used  tor  -T^ 
scientific  purposes,  for  instance,  for  standard  scales,  et 
ium  as  well  as  rhodium  possesses  the  property  °f  **  ^  ^ 
great  hardness  to  steel,  but  the  rhodium  and  irlcllU^_  .  0f 
found  in  commerce  contain,  in  many  cases,  not  a  -gped 
eithei.  Ihe  alloy  of  iridium  with  osmium  is  disti  e>  fe. 
by  great  hardness  and  resistance,  and  has,  therefore  ^  for 
ommcnded  for  pivots,  for  fine  instruments,  and  1 

ships’  compasses.  of 

Alloys  for  watch  manufacturers. — For  the  manufa 
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,.arts of  watches  which  are  to  be  insensible  to  magnetism,  the 
following  very  tough  and  hard  alloys  may  be  recommended  . 


Platinum 
Copper  . 
Nickel . . 
Cadmium 
Cobalt . . 
Tungsten 
Palladium 
Silver  .  . 
Rhodium 
Gold 


I. 

II. 

III. 

IV. 

V. 

VI. 

1 r 

VII. 

.  62.75 

62.75 

62.75 

54.32 

0.5 

0.5 

— 

.  18.00 

16.20 

16.20 

16.00 

18.5 

18.5 

25.0 

.  18.00 

18.00 

16.50 

24.70 

— 

2.0 

1.0 

.  1.25 

1.25 

1.25 

1.25 

— 

' - 

_ 

— 

1.50 

1.96 

— 

- - 

1.80 

1.80 

1.77 

— 

• - 

_ _ 

72.0 

72.0 

70.0 

_ _ 

6.5 

7.0 

4.0 

_ - 

1.0 

— 

- * 

_ 

— 

— 

1.5 

— 

— 

Phosphor-iridium. — For  preparing  larger  pie  ' 

^  found  in  nature  for  making  points  for  sty  <>graP ’  owing 
Ir-  John  Holland,  of  Cincinnati,  has  deV^ggian  crucible  to 

Unions  process  :  The  ore  is  heated  m  a  ^  heating  is 
"hite  heat,  and,  after  adding  phospho  ^  ^  erfeCt  fusion 
°ntinued  for  a  few  minutes.  In  this  1  ^ure(j  out  and  cast 
ftahe  metal  is  obtained,  which  can  1  .  ^about  as  hard  as  the 
lto  any  desired  shape.  The  materi  _^g  t0  have  all  the 
aloral  grains  of  iridium,  and,  in  f 

'r°perties  of  the  metal  itself-  mnV  he  called,  possess 

Phosphor-iridium,  as  this  m** ■  ^  hard,  if  not  harder 

'">>«  very  remarkable  property3.  ed.  I‘  13  some"  * 

V  iridosmine,  from  which  it  ^  phosphorus  and  increas  » 
ighter,  owing  to  its  percentage  °  h  ^  polish>  and  form 

at 

Bmbmes  with  sm» >  alloy0  -  in  small  qnanti- 

*R>st  flexible  and  re*  obtained. 

alloy  has  thus 
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ties  to  copper  it  furnishes  a  metal  possessing  very  small  resist! 
ance  to  friction,  and  is  especially  adapted  for  articles  subjected! 
to  great  pressure.  This  alloy  seems  to  possess  more  than  any| 
other  metal  the  power  of  retaining  lubricants.  With  iron,! 
nickel,  cobalt,  and  platinum,  phosphor-iridium  forms  combil 
nations  in  all  proportions  which  are  of  great  importance.! 
W ith  iron  an  alloy  is  obtained  which  retains  the  properties  of! 
phosphor-iridium,  although  its  hardness  decreases  with  a  I 
larger  addition  of  iron.  The  alloy  is  slightly  magnetic,  and  I 
is  not  attacked  by  acids  and  alkalies,  and  the  best  file  pro*  I 
duces  no  effect  upon  it,  even  if  it  contains  as  much  as  50  per 
cent,  of  iron.  With  more  than  50  per  cent,  of  iron  the  powcrj 
of  resistance  decreases  gradually,  and  the  nature  of  the  iwta  I 
approaches  that  of  iron.  * 


. 


CHAPTER  XIX. 


ALLOYS  OF  MERCURY  AND  OTHER  METALS  OR 

AMALGAMS. 


Mercury,  as  is  well  known,  is  the  only  metal  ^ 

%id  at  an  ordinary  temperature.  It  solidifies  at°  ^  ^ 

forming  a  ductile,  malleable  mass,  and  boils  at  662  >  nary 

H  a  colorless  vapor  ;  it  volatilizes,  however,  even  at  onmaij 
lemperatures.  Compounded  with  other  metal.  metals 

loys  whose  properties  vary  very  much  according  *°  an(j 

u^.  In  most  cases  the  amalgams  are  at  hrst  4  ^ 

after  some  time  acquire  a  crystallized  foim, 


ry  in  excess  is  separated.  studying  the  be- 

Ihe  amalgams  offer  an  excellent  meai  ^  examination 

vior  of  the  metals  towards  each  °  ^  which  these  com- 

ing  facilitated  by  the  low  temperatur  in  mercury, 

Nations  are  formed.  If  a  nietal  talline  combination 

ff  the  latter  be  present  in  exce^  ,  parate  from  the  oiigi 
in  a  short  time  be  observe*  combination  tonus  the 

>Uy  liquid  mass.  Tl.ia  crystal  jons  which  con  be 

taal  amalgam  and  is  compose^  V  weJghts,  and  can 

pressed  according  to  determmr  ^  of  mercury  by 

5  readily  obtained  .  into  the 

r ^5--; : 

rystalline  state,  wax,  b 

Headed  in  the  bat  (  427  ) 
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time.  They  are  especially  adapted  and  much  used  for  fiiw 
hollow  teeth. 

Before  the  action  of  the  galvanic  current  upon  solutions  of 
metals  was  known,  amalgams  were  of  great  importance  for 
gilding  and  silvering,  which  was  effected  by  coating  the  arti¬ 
cle  to  be  gilt  or  silvered  with  the  amalgam  and  volatilizing 
the  mercury  by  the  application  of  heat,  whereby  the  gold  and 
silver  remained  behind  as  a  coherent  coat  (fire  gilding). 

The  affinity  of  metals  for  mercury  varies  very  much ;  while 
many  metals  combine  with  it  with  great  ease,  others  do  so 
only  with  great  difficulty,  and  their  union  with  the  mercury 


can  only  be  accomplished  in  a  round-about  manner. 

Though  the  amalgams  are  of  considerable  theoretical  i 

tercst  and  of  great  importance  for  a  general  knowledge  of 

loj  s,  only  a  limited  number  of  them  are  used  in  the  iod1 

tries,  which  will  be  somewhat  more  closely  described  in  tl 
following : — 

Gold  amalgam.  Gold  and  mercury  alloy  freely,  nnd 
amalgam  can  be  prepared  by  the  direct  union  of  the 
metals.  If  the  gold  to  be  used  has  been  obtained  by  * 
lenncal  process  (by  the  reduction  of  salts  of  gold)  it  diss0  ! 

stat  (  lff!CUlty  m  the  mercury  it  being  in  a  finely  dnl< 
2  m  the  Particles  apt  to  float  upon  the  surface 
;i:e:UT,  If’  gold  is  reduced  in  the  form 

by  dissolving  chlorideUof80W  °ryStalS  Clm  ^  ^  dt#** 
the  solution  to  boilin..  8°W  lu  amy*  alcohol  an 
form  of  very  small  1  \  "  lGVGl)y  the  gold  is  separate 

rn  gaining  gold  from^ur]^^'8'  is  i”<‘ 

pared  in  large  masses,  and  Sand>  goM  a"1®1®”"  rf 

.v  subsequent  heating  in  11 


aiaoys  of  mercury  and  other  metals. 
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*d»  combination  is  destroyed,  the  mercury  volatilizing, 
«e  the  pure  gold  remains  behind.  Gold  forms  " » 

:ary  a  chemical  combination  of  the  formula  Au4  g>  "  ^ 

great  tendency  towards  crystallization,  which,  h  P 
the  amalgam,  must  be  prevented  as  much  as  possib  ^ 
difficult  to  apply  a  crystalline  amalgam  to  the 
?'lded.  A 

An  amalgam  suitable  for  fire  gilding  is  best  pi  P  ^ 
tellows :  Heat  in  a  graphite  crucible,  rubbe  rej 

'bilk  to  prevent  adhesion,  the  gold  to  be  al  1)Ure 

^eat-  It  is  not  absolutely  necessary  to  use  c  ^era^y  al- 
'"ld;  hut  it  should  be  at  least  22  carat  fine  ,  a  I  ^  contain- 
witla.  silver  instead  of  copper,  (mid  ^  an(j  a  small 
copper  becomes  stone  bard  in  a  shoi  ^  metals  to 
0lltent  of  it  impairs  its  uniform  applica  form  of  thin 

'lf‘  gilded.  It  is  best  to  use  the  gold  1  ^^ang  Qf  scissors, 
'l*eets,  which  is  cut  into  small  piece..  >  js  heated  to  a 

dlld  brought  into  the  crucible.  ^  be  „  njnth  Part  °*  tlR 

red  beat,  introduce  about  the  eighth  o  to  boiling. 

Hbt  of  the  gold  of  mercury  Pre-o- a  few  minutes  - 
Stlt  constantly  with  an  iron  ro  .  n  finished 

«... 

"we  allowed  to  cool  m  t  for  fire  gllding  ,  by  water. 

crl'stalline  and  be  unsold  vesscl  coo  tnkes 

it  is  at  once  poured  »-*»  ^  time,  «**£*£, 

%  beeping  this  amalgam  separating  H  fresh  a 

Place  nevertheless.  h^am-ore  ^  be  restored 

ln  excess,  and  it  crystaVlm  f  mercury. 

short  time  befoie  u  cible  rtU  C,,  aS  jn  using  it  f°r 

hy  heating  it  &  f  ®  umalgann  as  ^ 

In  preparing 
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ing,  a  wind-furnace  connected  with  a  well-drawing  chimney 
has  to  be  used,  as  otherwise  the  vapors  evolved  from  themei- 
cury  exert  an  injurious  effect  upon  the  health  of  the  workmen. 

Amalgam  of  silver,  lhe  properties  of  silver  amalgam  are 
nearly  the  same  in  most  respects  as  those  of  gold  amalgam,  it 
having,  however,  a  still  greater  tendency  towards  crystalliza¬ 
tion.  Only  pure  silver  can  be  used  for  its  preparation,  a  con¬ 
tent  of  copper  producing  the  same  injurious  effect  as  in  gold 
amalgam.  Silver  amalgam  is  best  prepared  by  using  pulver¬ 
ulent  silver  obtained  by  the  reduction  of  silver  solution.  It 
may  be  prepared  by  bringing  a  solution  of  nitrate  of  silver  in 
10  to  15  parts  of  water  into  a  bottle,  adding  a  few  small  piece* 
of  sheet  zinc  and  vigorously  shaking  a  few  minutes.  TheH 
ver  separating  in  the  form  of  a  very  fine  black-gray  p°"^ 
need  only  be  washed  and  dried  to  be  suitable  for  the  PrePa 
tion  of  amalgam.  This  finely  divided  powder  can  he 
dissolved  in  the  mercury,  though  it  requires  some  time, 
object  is  more  quickly  attained  by  heating  the  mercury  J 
to  boiling  in  a  crucible,  then  throwing  in  the  pulverule“^ 
'ver,  and  quickly  combining  the  mass  by  vigor ous 
with  an  iron  rod. 

Silver  amalgam  can  also  be  prepared  without  th  ^ 
heat,  it  being  only  necessary  to  compound  a  com6  ^0f 
solution  of  nitrate  of  silver  (1  part  of  nitrate  of  *lver  *  ^ 
distilled  water)  with  four  times  the  quantity  of  nielC 
combine  the  liquids  by  shaking.  The  silver  is  re(iiu‘l  .  tbe 
nitrate  by  the  mercury  and  dissolves  imffle^e^ 
excess  of  it.  if  the  amalgam  is  to  be  used  for  ^re*Sl  cu0' 

.  .in  * resence  tbe  small  quantity  of  nitrate  ol)c? 

ripplTe,?  t0  U  ^  °f  n0  Conse<luen<*>  and  *  Can  ^  " 
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ffrejiWnj/. — Fire-gilding  as  well  as  fire-silvering  is  always 
fitted  with  a  pure  amalgam,  i.  e.,  such  as  is  freed  as  muc 
as  possible  from  an  excess  of  mercury.  For  this  pm  pose 
amalgam  is  tied  in  a  bag  of  strong  chamois  leathei  and 
jected  to  a  gradually  increasing  pressure,  whereby  theme 
is  forced  through  the  pores  of  the  leather  while  the  ama  Ig 
remains  in  the  bag.  The  pressed-out  mercury  contains  ^ 
considerable  quantity  of  gold  or  silver  in  solution,  an 

i11  the  preparation  of  fresh  amalgam. 

1  ire-gilding  as  well  as  silvering  is,  ot  course,  onl}  ‘IP 
bleto  articles  of  metals  which,  without  melting,  wi  sa  ^ 
temperature  near  that  of  the  boiling  point  of  mercury  ^ 
a,nalgain  adhering  only  to  absolutely  bright  me  a  ’ 

'  es  before  gilding  are  subjected  to  a  prepar  wjiereby  the 
This  consists  in  heating  them  to  a  glowing  ^  and  the 
grease,  dust,  etc.,  adhering  to  the  surface  am  ^  articles 

rndal  becomes  covered  with  a  la} er  °  ^-trjc  acid  and  1  of 
are  then  dipped  in  a  mixture  of  3  parts  o  n  ^  dissolved  and 
sulphuric  acid,  whereby  the  oxide  18  ^t\cles  to  be  heavily 
^1(!  metal  acquires  a  bright  suifa  ^  acid  mixture, 

^l<led  must  remain  for  some  timt^  adherence  of  a  laigcr 
r°ugher  surface  being  required  f°r  ^ 

dUantity  of  amalgam.  rinsed  in  water  with0' 

The  pickled  articles  are  oxidation,  placed  m 

*  «**  t  n—  -rcury. 

*****  until  they  are  to  ^  a  layer  of  dissoivi„g 

lhug  the  bright  art'°^ating  water  a ^  by  weight  of 
This  so-called  ^  ^  ”'th0  Juti„n  with  25  parts 

1(10  parts  by  compo»’u  infc  vftter  is  applied  to 

strong  nitric  acid  an  ^  ftmalgamatn  g 

by  weight  of  'V<1 
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the  metal  by  means  of  a  brush  of  fine  brass  wire.  By  the 
action  of  the  metal  upon  the  mercury  salt  the  latter  is  re¬ 
duced  to  metallic  mercury  in  the  form  of  very  small  drops, ! 
whereby  the  articles  acquire  a  white  color. 

The  articles  being  thoroughly  amalgamated,  the  amalgam  i 
is  quickly  and  uniformly  applied  with  a  stiff  scratch-brush 
and  the  articles  placed  upon  glowing  coals,  whereby  the  mer¬ 
cury  vaporizes  while  the  gold  or  silver  remains  behind  in  a 
coherent  layer.  While  heating  the  articles  must,  however,  be 
frequently  taken  out  and  defective  places  provided  with  amal¬ 
gam.  This  process  is  very  injurious  to  health ;  the  mercun 
volatilized  by  the  heat  insinuates  itself  into  the  body  ot  the 
workmen  notwithstanding  the  greatest  care,  and  those  "Ik 
are  so  fortunate  as  to  escape  for  a  time  absolute  disease- 
constantly  liable  to  salivation  from  its  effects.  1  hough  h  ^ 
gilding  is  the  most  durable,  it  is  more  and  more  aband  I 
and  electro-plating  substituted  for  it.  ^ 

Many  articles  are  not  finished  by  one  gilding,  and  han  | 
be  subjected  to  the  same  process  twice  and  frequently  I 
times,  whereby  the  layer  of  gold  becomes,  of  coui»e,  th '  ^  i 
by  suitable  treatment  during  the  heating  and  by  bum 
the  so-called  gilder’s  wax,  various  shades  can  be  gh*-11  l 
gilding.  But,  as  these  operations  belong  to  another  , 
mdustly>  We  cannot  enter  upon  a  further  descript 


olati° 


i# 


J;r^  °f  the  Ptatinum  metals— Though  the  P  ^ 
metals  can  be  combined  with  mercury,  the  amal^of 


tained  are  thus  far  not  ,  7  L  " 

artir-lfis  '  Sed  m  the  industries,  the  1 


articles  with  platinum  or  ,11^ 
by  means  of  the  electrio  *  led  metals  being 

CI,llc  current. 


entirely  e 


Amalgam  of  copper 

1  0n  account  of  its  peculiar  P*’! 
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of  copper  finds  quite  an  extensive  use  in  several 
"ranches  of  industry. 

It  crystallizes  with  great  ease,  and  on  solidifying  becomes 
so  hard  that  it  can  be  polished  like  gold.  It  can  a^s0 
worked  under  the  hammer  and  between  rolls,  be  stamped, 
retains  its  metallic  lustre  for  some  time  on  exposuie  t 
^  air,  but  tarnishes  quickly  and  turns  black  on  be  & 
ljr°ught  in  contact  with  air  containing  sulphuretted  liydio- 
'■n'  A  peculiar  property  of  amalgam  of  coppei  is  that 
nies  soft  on  being  placed  in  boiling  water,  and  so  fle 
iat  it  can  be  used  for  moulding  the  most  delicate  a 
111  a  few  hours  it  again  solidifies  to  a  fine-grained  mass  w  nc 

'Me  malleable.  was 

CoPper  amalgam,  on  account  of  its  peculiar  proper  les,  ^ 
■!|nerly  recommended  for  filling  hollow  teeth, 

0n§erused  for  that  purpose,  there  being  othei  a  g  tant 
citable  and  free  from  poisonous  copper.  j  it  pe_ 

plication  of  copper  amalgam  is  for  ceniel  ^  cemented, 

necessary  to  apply  it  to  the  meta .  ^  frQin  176°  to 

Uch  must  be  bright  and  previous  y  ^  joined  as 

F-,  and  press  them  together ;  they 

lglltly  as  if  soldered  preparing  amalgam  of 

Maay  directions  have  been  given  d.  ease  aS  follows  : 
>Ptt,  but  it  is  effected  with  the )  g  e  of  copper  and 

^strips  of  zinc  in  a  in  the  form  of 

Shake  vigorously.  The  copP*  1  while  stiU  moist,  treated  m 
1  Plicate  powder  is  ".***•£  mercUrous  nitrate.  Hot 
4  rubbing-dish  with  a  soluti^  ^  digh  kept  warm, 

^ter  is  then  P<>ured  °'  Xrhe  contents  of  the  dis  1  ara 
“  -  dm  mercury  *df  the  pulverulent  copper  combines 

.ded  with  a  P«9tle 
28 
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with  the  mercury  to  a  plastic  mass ;  the  longer  the  kneading* 
is  continued  the  more  homogeneous  the  mass  will  be.  Thj 
best  proportions  to  use  are  3  parts  of  copper  and  7  of  mercury! 

When  the  amalgam  has  the  proper  consistency,  the  watel 
is  poured  off  and  the  soft  amalgam  moulded  in  the  shape  in 
which  it  is  to  be  preserved.  For  the  purpose  of  cementing  iti 
is  recommended  to  roll  it  into  small  cylinders  about  |  inch  in 
diameter  and  £  to  1|  inches  long. 

A  composition  of  25  parts  of  copper  in  fine  powdei ,  obi 
tained  by  precipitation  from  solutions  of  the  oxide  by  hydro! 
gen,  or  of  the  sulphate  by  zinc,  washed  with  sulphur  h  at  i 
and  amalgamated  with  7  parts  of  mercury,  aftei  bemt  ■ 
washed  and  dried,  is  moderately  hard,  takes  a  good  p°  | 
and  makes  a  fine  solder  for  low  temperatures,  n 
to  glass. 

An  imitation  of  gold,  known  as  Vienna  metals  ^  I 
which,  on  account  of  its  golden-yellow  color  and  Ct  1  J 

for  taking  a  fine  polish,  is  suitable  for  the  manufr  I 

cheap  jewelry,  consists  of  copper  86.4  parts,  niercl  b'j 
The  color  of  the  alloy  being,  howover,  very  easily  $  ^ 

sulphuretted  hydrogen,  it  is  recommended  to  Pr  ^v8liic 
articles  with  a  thin  coating  of  pure  gold  by  the 
method. 

Dioniei  s  malleable  bronze  is  made  by  adding  1  1 
mercury  to  the  tin  when  hot,  and  this  amalgam  1?  ‘ 
introduced  into  the  melted  copper.  ,  ^ 

Amalgam  of  tin. — This  amalgam  was  formed}  jook 
greater  importance  for  the  manufacture  of  mirrors  »n  ^t£d 

V  ^  is  at  die  present  time,  when  miir°  ig*JP 

wUh  a  thin  layer  of  silver  surpass  those  coated  with  > 

“  WUty  and  Che~  The  great  affinity  of  *>  * 


ce»‘-  « 
cartf"1' 
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mry  renders  the  preparation  of  the  amalgam  easy  ,  all  that 
necessary  being  to  combine  the  tin,  which  is  best  used  in  t In¬ 
form  of  fine  shavings  or  of  foil  with  the  mercuiy .  According 
to  the  quantity  of  mercury  rubbed  together  with  the  tin. 
amalgam  solidifying  in  a  shorter  or  longer  time  is  obtaini 
Amalgam  of  tin  for  filling  teeth. — -T  his  amalgam  is  }  I 
W intimately  rubbing  together  1  part  of  tin  with  4 
'"rv,  removing  the  excess  of  mercury  by  pr essing  iu 
and  kneading  or  rubbing  for  some  time.  It 

flexible  mass  which  hardens  in  a  tew  days. 

7  _ The  amalgam 

walgam  for  mirrors  and  looking-glasses ■ 

serves  for  silvering  mirrors  is  a  complete  sa  ^  |  ut 
tB0  metals.  It  is,  however,  not  p,y“r°orm'the  mirror. 
ic%  upon  the  plate  of  glass  wine  i  1S  having  been 

5  operation  is  as  follows:  The  glabb^|  with  putty- 

roughly  cleansed  from  all  grease  jay  a  sheet  ot 

V(ler  and  wood  ash,  the  workman  P™ce^ ^  tQ  be  siivered 
l°il  of  larger  dimensions  thai  OUt  with  a  cloth 

°othly  upon  the  silvering  table,  P1^  for^n  air-bubbles.  A 
^er  all  wrinkles  and  places  llkc  '  ured  upon  it  and  um- 
aH  quantity  of  mercury  1S  ^  fine  woolen  cloth.  hen 
,n'y  distributed  by  means  o  mercury  is  added  so  as 

!  surface  is  uniformly  c°y?  the  coating  of  0X1  ' 
attain  a  height  of  2  or  8  ^  brilUant  surface  P 

yd  with  a  woyy  yen  P«shed  sl^y  doping  below  the 
e  P'ate  of  glaas  foremost,  *  hule  the  air. 

le  with  the  longy  so  flS  oompl^  the  metals 

ur of  rr;-  -  -ss  in^v  ->•  -  -  - 

ad  aVrilhant  -^'mercury.  To  get  rid  of  the  excess 
i  he  floating  °°  ‘ 
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of  metal  the  mirror  is  loaded  with  weights  and  the  table  i 
elined  10°  or  12°,  when  the  excess  of  mercury  drains  off.  \ 
further  portion  is  got  rid  of  by  setting  the  plate  up  on  «J 
and  in  the  course  of  three  or  four  weeks  a  dry,  permanent 
coating  of  tin  amalgam  is  left  upon  the  plate. 

If  curved  glass  plates  are  to  be  converted  into  mirrors,  the 
amalgam  is  prepared  by  itself,  and  after  spreading  it  as  uni¬ 
formly  as  possible  upon  the  glass  the  latter  is  heated  until  the 


amalgam  melts. 

This  method  of  silvering  has  many  objections:  The  vapor 

of  mercury  is  poisonous  to  the  workmen  ;  the  plates  are  liable 

to  fracture  from  the  heavy  load  placed  upon  them,  and  when 

set  up  on  edge  drops  of  mercury  sometimes  trickle  down,  car- 

vying  the  amalgam  with  them,  thus  rendering  it  necessan  t 

resilver  the  whole  mirror.  Moreover,  the  amalgam  is 

to  spoil  by  crystallization  or  carriage.  For  these  reasons  this 

process  has  been  almost  entirely  abandoned  and  that  of 

by  precipitation  substituted  for  it. 

Amalgam  for  electric  machines.— This  amalgam,  kno"11 
-  ’  -  and  ziQC 


as 


w  7 nac mnes. —  inis 

Kienmayer’s,  consists  of  mercury  2  parts,  tin  1,  ®  ^ 

It  is  best  prepared  by  heating  the  mercury  in  a  rubbing^ 
and  combining  with  it  the  metals  previously  conved 
fine  shavings  by  constant  kneading.  To  prevent  the  8 

gam  from  becoming  crystalline  a  small  quantity  of  ta  . 

finally  added  and  the  kneading  continued  until  the  , 

a  so  completely  combined  with  the  amalgam-  The  \  ^ 

shouldT  nmSt  bC  kept  in  a  well-stoppered  glass  ^0 

HP* 


pi^eanT^'  Small  articles  of  iron,  -  - 

""“'J  by  making  them  first  brigM  b.'  >’ 


for 


ins* 
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i.*u,  dipping  in  melted  tin  amalgam,  blanching  in 

We  acid,  drying  and  polishing. 

Amalgam  of  zinc.— Zinc  amalgamates  readily  w i  n  ’ 

it  being  only  necessary  to  heat  the  latter  to  the  boi  g  1 
and  introduce  the  zinc  in  small  pieces.  Zinc  amalgam  1S  1 
directly  employed,  but  is  largely  used  in  the  zin 
galvanic  batteries.  For  this  purpose  it  is,  however,  p^l^^© 
flpon  the  zinc  plate  itself  by  heating  the  latter  to  . 
to  500°  F.,  and,  after  quickly  and  uniformly  co  g^^ 
means  of  a  brush  with  a  solution  of  chloride  of  zinc  an 
tnonia>  Upping  at  once  into  mercury.  Amalgama 
^ace  at  once,  and  the  plates  thus  amalgama  e  plates. 

f d greater  constancy  and  intensity  than  ordim  ^^^-nes  wjth 
A'nalgam  of  cadmium. — Cadmium  readily  ^  crystalline. 
mp1'cury  to  an  amalgam  which  easily  be*  whose 

*  .  .  _i  »BJmmrn  amalgam, 


.  to  an  amalgam  which  eas  „  ,  m>  whose 

the  preparation  of  the  actual  cadmi  manner  as  al- 

Position  is  Cd5Hg„  proceed  in  the  ^  mercury 

ly  described  for  other  amalgams.  ^  cadniium  in 
dy  to  boiling  in  a  crucible  and  int  J  remains  soft  foi 

^orm  of  tbin  sheet.  Cadmium  a  £  ^fter  a  considerable 

time  and  becomes  crystalline  J  ^  tjierefore,  alio"  ed 
iod.  The  mass  obtained  by  hea  m  j  mercury  separates 
*and  in  the  crucible  until  the  e*ce  fey  pressing 

,  .  ihe 

:  °r  it  can  be  separated  u  ^ 


leather  bag. 


•  nite  or  silver-white 
tin-white  o 


turner  oag.  .  a  tin-"  u,vv  ,  „„  v,fl 

ue  cadmium  amalgam  fo1®^  ately  heated  and  c.m  be 

;  which  softens  on  being  »  flUing  hollow  teeth 

Tt  is  used  1U1  „hich  make  it  suu 

ded  like  ^  with  Other  me  a  s  ^  bisnmth  makes 

self  or  coropon  ^  addition  of  rofts8  used 

!t  for  the  purpo*^  aI1d  for  th,s  reas 


..  .  in  the 

ere  pliant 
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for  filling  teeth  is  at  present  frequently  composed  of  amalj 
gams  containing  several  metals.  A  few  such  compositions 
are  given  in  the  following.  Those  containing  lead  are,  how¬ 
ever,  not  recommended,  as  lead  has  poisonous  properties  and 
is  attacked  even  in  the  form  of  an  amalgam  by  organic  acids:! 


Amalgams  for  filling  teeth. 

Parts. 


I.  II.  III.  IV.  V. 

Cadmium .  25.99  21.74  1  1  to  2  3 

Mercury . 74.01  78.26  —  —  - 

Tin . .  .  2  2  4 

Lead . .  _  _  7  to  8  1-5 


Amalgam  No.  I.  corresponds  to  the  centesimal  composit'0 

of  the  above-mentioned  combination  of  cadmium  nnd  llie 

cury  and  is  well  adapted  for  filling  teeth,  it  acquiring  in tlD1 

such  hardness  that  it  can  be  worked  with  the  lathe  01  f  ^ 

and,  of  course,  becomes  hard  in  the  mouth.  Cadmium  al 

gams  being  very  ductile  can,  moreover,  be  used  f°r  11 

other  purposes.  An  amalgam  of  equal  parts  of  cadmim11 

mercury  is  extremely  plastic  and  can  be  stretched  un^1 

lammer  like  pure  gold.  It  is  silver- white  and  constan 
the  air. 

Yarn’s  metallic  cement— This  alloy  is  obtained  by 

lQg  3  eaimiD“  amalgam  consisting  of  25.99  parts  oi 

murn  an,i  74 .op  0f  mercury  in  an  excess  of  mercury, s j'*  , 

in  SI'p  tllC  SO'ullon  in  a  leather  bag  and  thorough!.'  " 

lieu  A  f  neadin§’  specially  if  the  amalgam  be  PreV'"  J 
heaw  to  about  97.  P.(  EWs  metallicgcementis  re»^ 

desired 'f  10  aUd  llke  softened  wax  can  be  brought  inl'  ^ 
S  ™'  °n  it  acquires  considerable  h*® 

gani  1S’  h°W0Ver'  ™  eq-1  to  that  of  pure  cadm*® 
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alloys  of 

..  77  >> _ rp]ie  fusible  alloys 

Malgam  of  the  “/“»  e  o7  the  alloys  of  cadmium  and 

tody  mentioned  in  speakmg  of  ^  amalgamated 

L«»h  possess  the  property  of  melt _  g  By 

We  at  a  still  lower  temperature  than  ^  be 

Mng  a  suitable  quantity  of  mercury  to  n  or  for 

inverted  into  masses  well  adapted  for  (UbBg  teeth 

renting  metals.  _  •  prepared 

Amalgam  of  Lipowitz’s  metal.  Ibis  am  a  g  ^  ^  bismuth 
s  follows:  Melt  in  a  dish  cadmium  •*  Par^  mereury  2 
15,  and  lead  8,  and  add  to  the  me'  ^  Amalgamation 
parts,  previously  heated  to  about  2  ^  introduction 

ta^s  place  readily  and  smoothly .  ^  ^  from  the  fire 

r,t  the  mercury  the  dish  is  immediately  'While  Lip0- 

anl  the  liquid  mass  stirred  until  it^  8  ^  ineits  at  158°  F.> 
"Itz’s  alloy  becomes  soft  at  140  1^  ^  ^  -g  very  suitable 

lbe  amalgam  melts  at  about  143.5  ^  natural  history, 

t(,rthe  production  of  impressions  of  parts  of  plant 

^rect  impressions  of  leaves  and  ot  egg>  are  equal  to  th 

being  obtained,  which,  as  regards  s  m  l  ^  ^  silver-whi  e 
best  plaster  of  paris  casts,  and,  on  amalgam>  PreS®n 

«*».  fine  lustre,  and  constancy  ^  ^  als0  be  used J- 

**  neat  appearance.  The  ^  ^mettes  and  busts, 
ll,t  manufacture  of  small  h°  ^  the  galvanic  by 

'"1 be  readily  giU.°r)tbsman  statuettes  after  uni- 

Preparing  a  hollow  ’"°u  y40°  F-  P°min“  th;s  being 

heating  «  *  l'/'  *£  cooling  the 

m.  The  mouW  J  „  solidrfied  Af  &  ^ 

1S  1  ^i>erience  »eu  b 

Some  exi 
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so  that  all  parts  are  uniformly  moistened  with  the  amalgam, 
it  may  happen  that  defective  casts  are  at  first  obtained ;  in 
such  case  the  amalgam  is  simply  remelted  and  the  operation 
commenced  anew.  With  some  skill  the  operator  will  soon  j 
succeed  in  applying  a  uniform  layer  to  the  sides  of  the  mould 
and  preparing  casts  writh  very  thin  sides.  The  operation  may 
also  be  modified  by  placing  the  mould  upon  a  rapidly  revolv¬ 
ing  disk  and  pouring  in  the  melted  amalgam  in  a  thin 
stream.  By  the  centrifugal  force  developed  the  melted  metal 
is  hurled  against  the  sides  of  the  mould,  and  in  this  manner 
statuettes  of  considerable  size  can  be  cast. 

Amalgam  of  iron. — Iron  possessing  but  little  affinity 
mercury,  it  is  impossible  directly  to  combine  the  two  metah 
4  he  amalgam  may,  however,  be  prepared  by  rubbing  t°ge 
very  finely  divided  iron  with  mercuric  chloride  and  ^ 
and  a  few  drops  of  metallic  mercury,  Pure  amalgam  of 
forms  lustrous  white  crystals,  which,  however,  soon  l°?c  ^ 
lustre  on  exposure  to  the  air  and  become  coated 
By  lying  in  the  air  the  iron  contained  in  the  awalgaD 
short  time  converted  into  ferric  oxide,  which  floats  np°n 


mercury. 

Though  scientifically  of  interest  amalgam  ot  *ul1 
used  in  the  industries  in  rare  cases  where  iron  is  to  1)C 
and  then  is  produced  upon  the  article  to  be  gilded 
b’  purpose  the  article  previously  made  bright  by  I 
h  d  in  a  mixture  of  mercury  12  parts,  zinc  1>  C°1 
v\ater  12,  hydrochloric  acid  1.5.  The  mercury  dis?0 
tie  solution  separates  upon  the  iron  article,  a  thin  : 
y  of  iion  amalgam  being  formed  upon  the 

Wr1Kf  the  amalSam  of  gold  can  be  readily  and  un#*1 
Phed  without  further  preparation.  The  subsequent  t* 

he  glldGd  articl*  ^  the  same  as  described  under  ftt* 
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0}  bismuth.  By  mtroducir.g  mercu^  ^o  m^^^^ 

Wh  a  combination  of  the  two  metals  ^  react 

The  resulting  amalgam  being  very  thinly  Unit  cai  ()tjier 

tageously  used  for  filling  out  very  (lelieatc  mo  a(jdition 

amalgams  are  also  Tenderer  more  thinly  fluid  1>>  jreudv 

of  bismuth  amalgam,  a  few  examples  of  which  ha 

6  -l  ciich  combina- 

tan  given  under  cadmium  amalgams,  a  ^ 

boos,  being  cheaper  than  pure  bismuth  amalg 

'luently  used.  _  g  for 

bismuth  amalgam  can  be  used  for  nearly  al  1  0p 

bich  cadmium  amalgams  are  employed.  O*1  e 

^lustre,  which  is  at  least  equal  to  that  of  S1  'er> 

for  silvering  giasb 


hich  is  at  least  equal  tu  -  .  o-lass 

,referred  for  certain  purposes,  such  as  for  81  verl 
'^es  and  the  preparation  of  anatomical  sPec*  ^  ^0^es  can  be 

for  silvering  glass  globes,  dc.  t  . ,  •  s  : 

silvered  by  either  of  the  following  composi 

J  Parts. 


I. 

2 

9. 


n. 

2 

9 


III. 

9 


bismuth . 2  2  2 

Lead .  .  . *  2  2 

Tin . •••••**■  2  4  18 

llwcury .  •  ‘  ‘  ,’then  add  the  bismuth. 

tst  melt  the  lead  and  tin  <  mercury  into  the  eor 
t  removing  the  drosses  pour  gold  are  some- 

id  and  stir  vigorously  ^°Lcording  to  the  color  to 
*  introduced  into  the  .ering  the  g^bes  heat 

imparted  to  the  gh*-  *  “  of  the  amalgam-  rhen 

n  carefully  to  ^  ~ 

ir  a  small  quat  .  until  its 

be  and  swing  lt  to  aU 
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Amalgam  of  bismuth  for  anatomical  preparations.— Colored 
wax  was  formerly  exclusively  used  by  anatomists  for  inject¬ 
ing  vessels.  A  bismuth  amalgam,  being  of  a  silvery-white 
color,  is,  however,  preferable,  and  by  becoming  hard  on  cool¬ 
ing  contributes  essentially  to  the  solidity  of  the  preparation. 
The  amalgam  used  for  the  purpose  melts  at  169°  F.  and  re¬ 
mains  liquid  at  140°  F.,  the  latter  property  rendering  its  use 
especially  suitable  for  larger  preparations.  It  is  composed  ot : 
Bismuth  10  parts,  lead  3.2,  tin  3.5,  mercury  2.  For  use,  heat 
the  amalgam  in  a  dish  in  a  water-bath  to  212°  F.,  which  in¬ 
sures  it  being  forced  by  the  injection-pump  into  the  finest 
ramifications  of  the  vessels. 


Amalgam  of  sodium.— By  itself  this  amalgam  is  not  used,  i 

•  ^  A 

quickly  decomposing  on  exposure  to  the  air  into  caustic  so 
and  mercury.  It  can,  however,  be  used  in  the  preparation 
many  amalgams  which  cannot  be  made  by  the  direct 
By  bringing,  for  instance,  amalgam  of  sodium  together 
a  solution  of  a  metallic  chloride,  the  respective  metal  is  ^ 
erallj  sepaiated  from  the  chlorine  combination  b)  ^ 
dium,  and  the  moment  it  is  liberated  unites  with  the  niercuO 
an  amalgam  while  the  sodium  combines  with  the  eld 
The  presence  of  a  very  small  quantity  of  sodium 
exerts,  moreover,  a  very  favorable  effect  upon  the  fornl"  . 
of  amalgams,  and  by  its  use  in  the  process  of  amalg^ 

petroleum  and'fntrodnc' ^  by  melti"S  ^ Zy 

row  glass  tube.  Botl  S  ^  merCUry  thr0Ugh  * 
sion  of  a  peculiar  noil  mCtalS  COmbine  at  0,lce  with  '  sj 
white  mass,  which  to  °’  ^  ^  amalSam  solidifies  to  a 

must,  however,  be  klrT  of  , 

n  er  petroleum  until  it  is  t0  w 
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,»***  into ;;  ”“™  Ck.0^ 

««-  i.  •  *»-«  «“  ' “  ot 

H  into’ ammonia  hydrogen,  and  metallic  mercury  on 

exposure  to  tlie  air.  _  #  ,  .  n 

Mwsie’s  amalgam.— This  amalgam,  which  is  so  k  a 

,  i;„,,m  bv  simple 

ordinary  temperature  and  becomes  1  of  bis¬ 

ection,  may  be  prepared  as  follows :  Melt  P 
mutt  and  4  of  lead  in  separate  crucibles,  then  t  roxv  ^ 
mdted  metals  into  two  other  crucibles,  e  ach  c  ^ 

m  of  mercury.  When  cold  these  alloys  or  ama  gams 
'lid,  but  will  melt  when  rubbed  one  against  the 

amalgams.  -Besides  the  amalgams  describee  ^ 
Preceding  section,  there  are  a  number  of  °  ’  <xmal- 

’  -iif  forming  an  <tuw* 

v  l)reviously  mentioned,  being  capa  e  o  *nto  this 

'lllu  It  is,  however,  not  necessary  to  elite  technical 

as  none  besides  those  mentioned  are  ot  a  > 


-  1  s  is  effected  in  the 

5  preparation  of  all  these  ama  g  .  ^  pure  chlor- 

manner.  Introduce  into  the  solution  o  ,.ity  of 

>f  the  respective  metal  a  corl° }  at  onCe  with  the 
lln  amalgam.  The  sodium  co  an  anialgam  ^th 

due,  while  the  liberated  meta  ° 

rZi^s  of  many  — 

"ughly  examined,  ^ chroroiu,».  *  ", us. 

to  take  an  nnp<> 
arts. 
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MISCELLANEOUS  ALLOYS. 


Under  this  head  alloys  will  be  found  which  could  not  be  I 
very  well  classified  in  the  preceding  chapters. 

First  may  be  mentioned  a  mixture  especially  adapted  far  I 
serving  as  a  protective  cover  in  remelting  metallic  alloys.  It  is  1 

composed  of  borax,  calcined  soda,  calcined  alum  and  fluor  I 
spar,  each  1  part. 

Alloy  for  spoons. — A  beautiful  alloy  closely  resembling  I 
.dh  ei  is  obtained  by  melting  together  50  parts  of  copper,  25  I 
of  nickel,  and  25  of  zinc. 

Alloy  resembling  German  silver  consists  of  copper  58  parts,  I 
zinc  27,  nickel  12,  tin  2,  aluminium  0.5,  and  bismuth  0.5. 
he  separate  metals  are  first  melted  by  themselves  and  then 

combined  by  vigorous  stirring.  This  metal  retains  its  polish 
for  a  long  time. 

Hoy  't  esembling  silver. — Copper  70  parts,  manganese  j 
zmc  20  to  25. 


Non-oxidizable  alloy.— Iron  10  parts,  nickel  36,  coppei 

>  zinc  18.  1  his  metal  has  a  white  color,  with  a  slig 

reddish  tinge. 

term  is  applied  to  an  alloy  for  metallic 
“eal  iL  hineSe  fOT  '--S  tea-chests.  '  It  is  compose 
of  zinc  PdrtS’  tm  17'5>  and  copper  1.25,  besides  a  ' 

ned>  according  to  C.  II.  Ivnoop,  of 
(444  ) 


445 

miscellaneous  alloys. 

libj  melting  together  100  parts  of  iron  with  10  to  25  parts 


t-W  of  preparing  alloys- The  alloys  consist  of 
heavy  metals  and  the  sulphides  of  the  alkali  metals  or  metal 
of  the  alkaline  earths.  Preferably  sulphide  of  stron  ium 
alloyed  with  copper  in  order  to  obtain  a  product  of  a  • 
gold-like  color.  For  this  purpose  zinc  is  melted  toget  ei  wi  1 
8  to  15  per  cent,  of  calcined  strontium  sulphate  an  ^  . 
resulting  alloy  allowed  to  cool.  rlo  this  alloy  a  ^ 

quantity  of  copper  is  added,  according  to  the  coloi  <  1  ^ 

of  resistance  required.  As  much  of  the  zinc 
desired  can  be  expelled  by  subsequent  cupellation. 

Alloys  of  indium  and  gallium.  1J-  ^  indium 

discoverer  of  gallium,  has  experimented  with  allo^°  hayillg. 
,n|i  gallium.  They  are  distinguished  by  no  ^ 
a  firwl  melting  point,  but  soften  gradually,  n,eltc<l 

d'is  semi-liquid  condition  they  form  a  ared  the 

•4  crystalline  metal.  L.  de  Boisbaudran  has  prep. 

'"'lowing  alloys :  ^  phis  alloy  is 

1-  Indium  227  parts,  gallium .  6-  I .  q  knife;itbe- 
^ite,  granular,  and  can  be  readi  y  cu  ^ 

gins  to  melt  at  132.8°  F.,  and  is  V1SC1  a  This  alioy  forms  a 
2.  Iridium  113.5  parts*  gallmm  ^  the  first  alloy.  lt 

"hite  coherent  mass,  but  is  sti  1 1 3°  F.,  and  liquid  at 

is  hard  at  60.8°  F.,  semi-liquid  at 

from  140°  to  176°  F.  l39.8.  White;  soft.  It 

o  t  •  t  11^5  parts,  gal  1  p  .  liquid  from 

it 'Si. -  “ 


)°  to  176°  F.  u  279.6.  This  alloy  is  white, 

1.  Indium  113-5  P«*  „  seuli-liquid  at  05"  F„  and 

mmences  to  melt  " 

pud  at  1^2  I 
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Steel  composition.— Steel  shavings  60  parts,  copper  22: 
mercury  20,  tin  15,  lead  7.5,  and  zinc  15,  are  gradual’ 
introduced  and  dissolved  in  860  parts  of  nitric  acid.  The 
resulting  reddish-brown  paste  is  dried,  melted  together  with 


twenty  times  its  weight  of  zinc,  and  the  mass  cast  in  ingots. 
After  cooling,  the  alloy  is  remelted  with  a  corresponding  ad¬ 
dition  of  tin,  according  to  whether  it  is  to  be  softer  or  harder. 

Malleable  ferro-cobalt  and  ferro-nickel. — For  the  direct  gain¬ 
ing  of  malleable  ferro-cobalt  or  ferro-nickel,  the  “Fonderiede 
nickel  et  mdteaux  blancs  ”  of  Paris  claims  to  utilize  either 


the 


the  ores  themselves  or  to  prepare  first  an  especially  suitable 
initial  product  for  the  final  result  by  melting  together 
corresponding  quantities  of  nickel  or  cobalt  and  chromium 
ores.  In  melting  together  the  ores  the  degree  of  heat  at 
which  the  liquation  of  the  iron  would  take  place  IllU 
however,  not  be  attained.  This  product  of  melting,  or 
ia\v  materials  themselves,  are  melted  together  in  a  sl1’ 
crucible  with  potassium  ferrocyanide  and  peroxide  of  111  ^ 
ganese.  In  running  off,  a  small  quantity  of 
added.  According  to  the  condition  desired  for  the^  ^ 
product,  and  according  to  the  original  content  of  i,on 
°ies,  a  larger  or  a  smaller  quantity  of  cast-iron  or 


more 


or 


W 


iron  can  be  added  from  the  start,  whereby  a  - 
b0ft  and  malleable  product  is  obtained.  P>  ^01  *  ^  ^ 
an  alloy  of  /0  per  cent,  of  nickel  and  30  per  cel1^  of 
ith  a  \eiy  small  content  of  sulphur,  be  used,  ”b 
used  nickel,  12  of  peroxide  of  manganese,  1() 
errocyanide,  and  0.1  of  aluminium  are  taken  f01  ^  f  0jil.v 
,  melted  together.  If,  however,  nickel  ore  contai  d 
out  l5  per  cent,  of  pure  nickel  with  64  1K  ^  thl 
lr011)  and  11  Per  cent,  of  other  admixtures,  be 
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melting  material  is  best  composed  of  about  82  parts  of  fused 
*1, 8  of  peroxide  of  manganese,  and  10  of  potassium 
ferrocyanide.  The  alloys  thus  obtained  are  claimed  to  exce 
in  perfect  malleability,  and  completely  to  retain  this  property 
when  remelted,  so  that,  on  the  one  hand,  malleable  ingots 
at  once  produced,  and,  on  the  other,  all  waste  and  defe 
tastings  can  be  again  utilized. 

Bronze  misting  acids. — Debie  gives  the  following  re  P 
>er  15  parts,  zinc  2.34,  lead  1.82,  antimony  1.  ™is 
’  melted  into  a  crucible  can  be  worked  in  the  * 

iner,  and  is  claimed  to  answer  as  substitute  io  . 

vessels  used  in  the  manufacture  of  sulphuric  aci  ,  o  c. 
W-tron,  being  very  brittle,  is  used  little  as  alloy ,  " 

Ototof  its  brilliant  light  promises  to 

e  value  for  pyrotechnics.  Theoretica  j  metal, 

’  as  an  alloy  of  a  very  volatile  wi  1  ‘  btaining  zinc  in 
further,  it  offers  the  readiest  means  o  o  gence  of  iron 
inely  divided  state  for  purposes  aring  the  alloy 

Uot  objectionable.  The  best  metho  ^  ciay  crucible 

as  follows :  Heat  1  to  2  pounds  o  a  of  anhydrous 

‘be  melting  point,  then  throw  3  to^  ^  ^  melted  zinc 
bium  ferrous  chloride  upon  ’  y  very  vigorous  react 
•d  immediately  cover  the  cruc.  *  ^  aUoy  roixed  with 

*  takes  place  during  the  formats  ^  ^  of  the  »nc 

no  chloride  (Zn  +  *eC^Jd  forms  the  exceedingly  brittle 
Hoys  with  the  reduced  iron  ^  pUiverized^  from  ,ead  # 

lac-iron  which  can  coolinff  is  p  1  i\r 

,  „  expa>‘ds  on  ,  It  is  very  suitable  tor 

An  alloy  wine  ^  bismuth  -  ^iron. 

larts,  antimony  and  defective  P^  invention, 

filing  up  sinal  _ comp°un( 

Spence's  n^a 
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and  is  named  after  the  inventor.  Strictly  speaking,  it  is  J 
a  metal,  but  a  compound  obtained  by  dissolving  metallic 
sulphides  in  melted  sulphur,  which  is  found  to  be  capable  of 
receiving  into  solution  nearly  all  the  sulphides  of  the  metals. 
For  most  purposes  Mr.  Spence  employs  in  the  production  of 
his  “  metal  ”  the  sulphides  of  iron,  lead,  and  zinc,  in  varying 
proportions,  according  to  *the  quality  of  the  product  desired, 
which  will  depend  on  the  uses  for  which  it  is  designed.  On 
cooling  the  mixture  solidifies,  forming  a  homogenous,  tena 
cious  mass,  having  ordinarily  a  specific  gravity  of  3.37  to  3.7.  I 
It  is  said  to  be  exceedingly  useful  in  the  laboratory  for  mat 
ing  the  air-tight  connections  between  glass  tubes  by  means  o 
caoutchouc  and  a  water  or  mercury  jacket  where  rigidity  k 
no  advantage.  The  fusing  point  is  so  low  that  it  may  be  run 
into  the  outer  tube  on  to  the  caoutchouc,  which  it  grips,  °n 
cooling,  like  a  vise  and  makes  it  perfectly  tight.  It  melts at 
^>20  1 .,  expands  on  cooling,  is  claimed  to  be  capable  of 
•sisting  well  the  disintegrating  action  of  the  atmosphere,  at 
tacked  by  but  few  acids  and  by  them  but  slowly?  °r  • 
alkalies  ,  is  insoluble  in  water  and  may  receive  a  high  P 
It  makes  clean,  full  castings,  taking  very  perfect  impreSt  . 
it  is  cheap  and  easily  worked.  It  has  been  used  as  a  *° 1  e 
gas  pipes  and  as  a  joint  material  in  place  of  lead-  ^ 
Lutecine,  or  Paris  metal.— Copper  800  parts,  nickel  W 
20,  cobalt  10,  iron  5,  and  zinc  5 

AU°yS  f°\  P^ms  in  foundries. 

I-  Tin  7.5  parts,  lead  2.5. 

II-  Zinc  75  parts,  tin  25. 

IIL  Tin  30  Parts,  lead  70. 

fr~  St  °f  “r  all0ys  iS  for  p**™  which  will  not 
frequent  use  and  which  may  be  tended,  bent,  etc.  ** 


be 

fir 


in 
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jirts  harder  and  stiffer  patterns ;  the  second  is  harder  than 
on  and  more  tenacious  than  zinc,  while  at  the  same  time  it 
preserves  a  certain  ductility. 

Alloys  for  calico-printing  rollers. — Hauvel  considers  a  semi- 
hard  bronze  of  the  following  composition  the  best  material  toi 
tie  rollers:  Copper  86  parts,  tin  14,  zinc  2. 

Rendel,  on  the  other  hand,  found  an  English  roller 
material  composed  of :  Copper  5.6  parts,  zinc  <  8.3,  tin  15.8. 
hough  this  compound  gives  a  hard,  fine-grained  allo\ ,  it  i 
likely  to  be  very  readily  attacked  by  the  colors  used  in  printing. 
According  to  analysis  by  J.  Depierre  and  I .  Spiral, 

11 11  position  of  the  scrapers  (sometimes  called  doctor 
duct°rs)  intended  to  remove  the  surplus  of  colors  from  the 
Hers  ’ 


is  as  follows  : — 


Copper. 

bellow  French  scrapers . 

bellow  Euglish  scrapers . .  on 

V„ii  ^  .  85.80 

1  eilow  German  scrapers .  .  .  •  •  •  .  , 

Wtdiug  to  the  researches  Of  th*  95  to 

«  ,«  «  be  p-  — . 

J  Per  cent,  of  copper;  2.  ±>ra  g  Alloys.  In  the  an- 

JPer  and  40  per  cent,  of  zmc ,  an  ^  examined  pieces 
table  I.  the  physical  properties^  ^  remarked  that  in 
;  given,  whereby  it  has,  howeve^  h^nesg  Gf  the  metal  is 
iers  for  printing  calico,  whem  ^emicai  composition  alone 
considerable  importance,  ^  ^  fche  metal,  they  depend- 
cs  not  express  the  charf  ^^enillg  and  tempering, 
g  also  on  the  manner  ot  compOSition  of  the  samples. 

Table  II.  shows  the  ^  “loys  containing  25  to  30  per  cent. 
Besides  red  copP* cent.  of  copper  are  essentially  suit- 
dnc  and  75  to  ^  ft  content  of  lead  as  0.5  per 


Zinc. 

12.50 

10.50 
9.80 


Tin. 

8.75 

8.00 

4.90 


e  for  rollers- 
29 
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cent,  exerts  an  injurious  influence,  and  the  samples  contain¬ 
ing  lead  showed  blow-holes.  The  presence  of  phosphorus 
could  not  be  detected  in  any  of  the  samples,  but  Messrs. 
Depierre  and  Spiral  are  of  the  opinion  that  rolls  of  copper, 
containing  1  to  2  per  cent,  of  phosphorus,  would  yield 
excellent  results  as  regards  resistance  against  chemical 
influences,  as  well  as  hardness,  fineness  of  grain,  homo 
geneousness  and  durability.  An  addition  of  one  per  cent,  of 
phosphorus  might  also  be  recommended  for  varieties  of  brass 
containing  30  to  35  per  cent,  of  zinc. 


Table  I. 


|  Sample.  | 

Color, 

1 

red 

2 

U 

3 

U 

4 

a 

5 

yellow 

6 

U 

7 

U 

8 

red 

9 

t  i 

10 

yellow 

11 

w4 

12 

H 

13 

red 

14 

U 

15 

yellow 

16 

U 

17 

U 

18 

>  red 

18 

i  _ 

2C 

1  yellow 

21 

u 

2S 

>  u 

2?. 

red 

24 

1  yellow 

25  gray-ye] 

|  Class. 

Density. 

1 

8.82 

1 

8.83 

1 

8.82 

1 

8.83 

3 

8.40 

2 

8.25 

3 

8.58 

1 

8.88 

1 

8.80 

2 

8.151 

3 

8.451 

3 

8.50 

1 

_ 

1 

8.90 

3 

8.35 

3 

8.20 

2 

8.10 

1 

8.90 

2 

8.20 

2 

8.15 

2 

8.22 

8.85 

2 

. _ _ 

r  3 

- - 

Grain. 


coarse 
fine 
coarse 
very  fine 
coarse 
very  fine, 
geneous 
fine,  not 
geneous 
very  fine 
coarse 


hoino- 

homo- 


very  fine  [ous 
coarse,  homogene- 
fine,  not  very 
homogeneous 


fine 

<< 


fineJ  korno£>eneous 

coarse,  not  very 
homogeneous 

middW0geneous 

fine 


Hardness. 


Remarks 


hard 
<< 

very  soft  | 
medium 
hard 

a 

very  brittle 

hard 
soft 


blow-holes. 


burnt  print- 

suitable  i°r  l 

ing.  „,iftl. 
hard  very  nneq  ‘ 

‘  ‘  bio"' 10 

very  brittle 

At  200(1. 


hard 


it 
i  L 
i  i 
«  i 


soft 

hard 

soft 

hard 


very  g°od- 
bad.  i 
very 
blo"’f 

very  bad- 
good. 
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So.  of  the 
samples. 

Copper. 

Tin. 

Lead. 

Zinc. 

Remarks. 

I. 

3 

99.11 

0.05 

0.12 

0.57 

. 

4 

8  ' 

99.16 

99.13 

0.02 

0.03 

0.12 

0.19 

0.58  ! 
0.45  i 

some  aluminium. 

some  aluminium  and  sulphur. 

4  i  (  ( 

$ 

H 

9 

99.03 

0.03 

0.12 

0.60 

4  i  *  % 

u  “ 

H 

A 

1 

99.93 

traces 

0.14 

0.67 

4  4 

44  “ 

V 

2 

99.67 

U 

0.07 

— 

4  4 

14 

99.40 

u 

0.48 

— 

18 

99.84 

u 

traces 

— 

23  ; 

— 

99.52 

a 

— 

— 

6 

60.33 

0.03 

0.68 

38.68 

i 

10 

61.70 

0.08 

0.64 

37.51 

3 

20 

64.41 

0.21 

2.86 

31.88 

k 

Mi 

22 

68.60 

_ 

0.39 

30.53 

21 

58.25 

_ 

0.43 

41.02 

• 

■ — 

17 

77.68 

traces 

0.42 

41.41 

nil  contain  traces  of  arsenic 

11 

74.51 

2.80 

2.18 

19.85 

nil 

r  and  iron. 

12 

76.96 

2.55 

1.88 

17.83 

i 

N 

7 

77.63 

2.58 

1.94 

17.16 

b 

5 

74.12 

2.37 

2.22 

20.59 

V 

•*< 

*»< 

15 

79.42 

4.17 

1.23 

14.49 

< 

16 

72.15 

3.27 

1.71 

22.16 

24 

70.40 

0.60 

28.0 

25 

15.0 

i 

84.0 

i J  _ _ _ 

.  ,  of  tin  80  parts,  lead 
y  for  silvering.  This  alloy  cor  ^  Melt  the  tin, 

?er  2  ;  or  tin  90  parts,  lead  9,  ^  ^  granulated  lead 
aen  the  bath  is  lustrous  ''hit ■■  then  add  the  silver 

ir  the  mixture  with  a  P1^6  ^  ghort  time  until  the 

ir  again.  Increase  the  ^  yellow  color,  then  stir 

e  of  the  bath  assumes  a  ^  The  operation  of 

ighly  and  cast  the  a  ° 

ing  is  executed  as  ^  „  dipped  in  a  solu- 

S  article,  for  ^"Iharic  acid,  rinsed  in  clean  water 

,f  hydrochloric  or  aulph  ^  ^  ^  sponge,  and 

,  rubbed  wit"  »  Peffle  five  minutes  to  a  temperature  of 

i  in  ft  11 
e3tp°se<* 
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158°  to  176°  F.  The  effect  of  this  treatment  is  to  render  the  I 
surface  of  the  iron  or  steel  porous.  With  iron  not  very  good! 
and  coarsely  porous  the  silvering  process  is  difficult  to  ex- 1 
ecute.  With  steel,  however,  the  process  is  easy ;  the  article  I 
heated  to  about  140°  F.  is  dipped  into  the  alloy  melted  in  a  I 
crucible  over  a  moderate  fire.  The  bath,  which  must  be  1 
completely  liquid,  is  stirred  with  a  pine  or  poplar  stick.  The  I 
surface  of  the  bath  should  show  a  fine  silver- white  color.  I 


the 


One  or  two  minutes’  dipping  suffices  for  a  knife  blade. 
When  taken  from  the  bath  the  article  is  dipped  into  cold 
water,  or,  if  necessary,  hardened  and  tempered  in  the  usual 
manner.  It  is  then  rubbed  dry  and  polished  without 
heating. 

Articles  thus  treated  have  the  appearance  of  sihei 
also  possess  the  sound  of  silver,  and  resist  oxidation  in 
air.  To  protect  them  from  the  action  of  acid  liquids  the}  ar® 
first  dipped  in  an  amalgam  bath  of  69  parts  of  mercui),  ^  I 
parts  of  tin,  and  1  part  of  silver ;  then,  while  hot,  in  11  I 
silver,  and  electroplated  with  silver.  This  method  of  I 
ing  is  claimed  to  be  very  durable  and  not  costly. 

Robertson  alloy  for  filling  teeth.— Gold  1  part,  silver  ,  ^  I 
^  irst  melt  the  gold  and  silver  in  a  crucible,  all(^  t  v  be  I 
moment  of  fusion  add  the  tin.  The  alloy,  when  cold, 
finely  pulverized.  Equal  quantities  of  the  P°"  ®  ^  I 
mercury  are  kneaded  together  in  the  palm  of  the  b<*n 
a  paste  for  filling  teeth.  .  gpe 

American  sleigh-bells.— These  bells,  excelling  in  ^^’gjng  j 
tone,  and  small  specific  gravity,  are  manufactu  ud  -  ^  pii? 
together  10  parts  of  nickel  and  60  of  copper.  AV 
alloy  has  become  cold,  add  10  parts  of  zinc  and 
pait  of  aluminium,  fuse  the  mass  and  allow  it 
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it  with  the  addition  of  1  part  of  mercury  and  60  parts 
of  melted  copper. 

41%  for  easting  small  Articles.— Fuse  a  nuxture  of  7J  per 
ant.  of  cast-iron,  19.50  of  tin,  and  1.50  of  lead.  This  alloy 
his  a  beautiful  appearance,  fills  the  mould  completely,  and 
is  therefore  well  adapted  for  casting  small  articles, 
malleable  to  a  certain  extent. 

Arnold's  iron  alloy. — A  compact  and  malleable  bon  < 
capable  of  a  fine  polish  is  obtained  by  melting  togethe 
parts  of  crude  cast-iron,  1  of  soda,  1  of  copper,  of  t  > 
antimony,  and  5  of  zinc.  The  material  is  claime 
especially  adapted  for  ship’s  screws,  it  resisting  the  cono. 
action  of  sea-water  remarkably  well.  By  oinitti  g ^ 
and  decreasing  the  quantity  of  zinc  a  softer  kino  ^ 
obtained,  and  a  harder  material  by  usin&  a  er. 

rjf  soda  and  zinc  and  decreasing  th^^^°“6o  parts,  nickel 
Lemarq uand' s  non-oxida b le  alloy •  ^  zinc  72.  The 

^0,  black  oxide  of  cobalt  20,  tin  in 

Petals  must  be  pure.  1Q  parts>  nickel  35,  brass 

Marlie’s  non-oxidizable  alloy .-  1  from  this  alloy  are 

25>  tin  20,  zinc  10.  Articles  mixture  of  sul¬ 

ked  to  a  white  beat  and  dlPP^  hyar0chloric  acid  5,  and 
phuric  acid  60  parts,  nitric  ac 

25.  ,  oxcellent  metal  for  engraving 

Alloy  for  . wbich  are  to  be  attach''.!  « 

fen  names,  etc.,  upon  P^SfoUoWS:  MU  100  parts  of  ,.me 

machines,  etc.,  is  PrePl”“  with  0  parts  magnesium,  o  p 
meited  copper  in  •  «££  ^  9^JZ  stale. 

Kow,  while  9tirrin 
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small  pieces  and  continue  stirring  until  the  whole  is  thor 
oughly  melted  and  mixed.  Allow  the  alloy  to  remain  I 
quietly  on  the  fire  for  half  an  hour  longer,  remove  the  scum, 
and  pour  out  the  metal.  This  alloy  has  a  golden  color  a 
very  fine  grain,  is  ductile,  and  does  not  readily  lose  its  color. 

Durano  metal. — This  alloy  is  distinguished  by  great 
strength  and  malleability  and  slight  specific  gravity  (8.3). 

It  contains  according  to  G.  Knorre,  copper  64.78  per  cent., 
zinc  29.50,  tin  and  antimony  2.22,  iron  1.71,  aluminium  1.70.  I 

A  brass  mixed  with  ferro-aluminium  and  resembling  delta  ! 
metal  contained  copper  61.46,  zinc,  35.98,  lead  0.86,  iron  j 
0.91  and  manganese  0.76. 


CHAPTER  XXI. 

SOLDERS  AND  SOLDERING. 


Solders  in  General. 

The  so-called  solders  are  alloys  in  the  true  sense  of  the 
>rd,  but  being  used  for  special  purposes  will  have  to  be 
parately  described.  Soldering  is  the  process  of  uniting  the 
gesor  surfaces  of  metals  by  means  ol  a  more  fusible  nieta 
uch,  being  melted  upon  each  surface,  serves,  partly  .  y 
'emical  attraction  and  partly  by  cohesive  fou<,  to 
®  together.  There  is  a  great  variety  of  solders  know  y 
e  names  of  hard,  soft,  spelter,  silver,  white,  gold,  c^pper’ 
!«»W,  and  many  others ;  they  may,  h°wever’T°e  fonner 
Anguished  as  hard  solders  and  efore  Tnly  suitable  for 

*  0nl>'  at  a  red  heat’  and  ^  ,  that  temperature  ;  the  soft 

dais  and  alloys  which  will  stan<  temperature,  and  may 
^lers  fuse  at  a  comparative  y  °  metais.  Nearly  all  the 
'Hsequently  be  used  for  nearly  ^  composition  of  solder, 
dncipal  metals  take  Part  ^  .^er  the  same  or  dissimilar, 
he  metals  to  be  united  may  ^  have  an  affinity  for  both, 
the  uniting  metal  must  earw  as  possible  in  hardness 

ad  should  agree  with  them  .g  the  case,  as  when  /nnc 
malleability-  Wh°n  -eces  of  brass,  or  of  copper,  or  one 
older  is  used  to  unite  two  pie  ^  ^  „  united  with  soft 
■iece  of  each,  or  when  ^  ^  ^  almost  as  freely  as  if  i 
older,  the  work  ro»y  But  when  copper  or  brass  is  unite 
lad  not  been  s°lder  (  458  > 
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by  soft  solder,  the  joint  is  very  liable  to  be  broken  bv  a& 
cidental  violence  or  the  blow  of  a  hammer.  In  all  solderin' 
processes  the  following  conditions  must  be  observed :  1.  The 
surfaces  to  be  united  must  be  bright,  smooth,  and  chemically 
clean.  2.  The  contact  of  air  must  be  excluded  during  the  | 
soldering,  because  it  is  apt  to  oxidize  one  or  other  of  the  sur-  j 
faces  and  thus  to  prevent  the  formation  of  an  alloy  at  the 
point  of  union.  This  latter  object  is  effected  by  means  of  I 
fluxes,  which  will  be  referred  to  later  on. 


The  piocess  called  autogenous  soldering  takes  place  by  the 
fusion  of  the  two  edges  of  metals  themselves  without  inter¬ 
posing  another  metallic  alloy  as  a  bond  of  union.  The 
process  is  possible  with  the  majority  of  metals  and  alloys, 
e\en  the  refractory  ones,  and  though  it  does  not  actually 
belong  here,  the  subject  being  alloys,  it  will  be  briefly 
desciibed.  The  union  of  the  metals  is  accomplished  by 
directing  a  jet  of  burning  oxyhydrogen  gas  from  a  small 
ovable  beak  upon  the  two  surfaces  or  edges  to  be  soldered 
ogether.  Metals  thus  joined  together  are  much  less  apt  to 
ack  asunder  at  the  line  of  union  by  differences  of  tem¬ 
perature,  flexibility,  etc.,  than  when  the  common  soldering 
process  is  employed.  This  method  of  soldering  is  especially 
o  great  advantage  in  chemical  works  for  joining  the  edges  of 
s  met  lead  for  sulphuric  acid  chambers  and  concentrating 
Pans  ecause  any  solder  containing  tin  would  soon  corrode. 

for  n  S°  •  ?d  W°rk  Sh°Uld  be  kePt  under  motionless  restraint 

tion  ofT  Ta  ^  m°Vement  of  the  Parts  during  the  transi¬ 
crystallization  and  2  2  *°  **“  ^  diS,“  i 

hard  soldering  it  is  L  "  *  °f  the  SeVeral  .  I 

together  in  th  •  Tuently  necessarv  to  bind  the  "0l 

ogether  m  therr  respective  positions;  this  is  done  with  ^ 
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iron  binding  wire,  which  for  delicate  jewelry  work  is  exceed¬ 
ingly  fine,  and  for  stronger  work  is  2V  or  ^  inch  in  diameter ; 
it  is  passed  around  the  work  in  loops,  the  ends  of  which  are 
twisted  together  with  the  pliers. 

In  soft  soldering  the  binding  wire  is  scarcely  ever  used,  as, 
from  the  moderate  and  local  application  of  the  heat,  the 
hands  may  in  general  be  freely  used  in  retaining  most  of  the 
work  in  position  during  the  process.  Thick  work  is  handled 
with  pliers  or  tongues  whilst  being  soft  soldered,  and  the  two 
surfaces  to  be  united  are  often  treated  much  like  glue  joints,  it 

conceive  the  wood  to  be  replaced  by  metal  and  the  ghu  } 
■older,  they  being  frequently  coated  or  tinned 
separated,  and  then  rubbed  together  to  distribute  and  exchu  e 

'*ie  grater  part  of  the  solder. 


Soft  Solders. 

le  soft  solders  serve  chiefly  . fC”'  “‘’'trass2  Their  melting 
and  kitchen  utensi'S  ‘f^  For  special  purposes  the 
ts  he  between  284°  and  46  •  and  bismuth, 

previously  mentioned  ,qo  jr ,  would  be  very  suit- 

as  low  a  melting  P°int  as  1  ir  „eI)eral  use. 

,  but  their  costliness  Preve" solders,  and  is  frequently 
are  tin  is  the  simplest  of  al  ^  Absoiutely  pure  tin 
1  for  soldering  fine  utensi  s  ^  presence  of  foreign 

.Id,  however,  only  be  "fr’,  ‘  considerably  increases  the 
als,  especially  that  o  ;erally  employed  in  the  form 

ting  point.  Tin  solder  8  ^  prism8.  For  soldering 

ami-cylindrical  »ar!  f  very  pure  tin  is  frequently  used, 
y  delicate  work  "'^’.(,ughlv  cleansed,  and,  if  necessary 
s  surfaces  hel,'S  with  a  file,  a  piece  of  tm-fod  is  place 
ely  fitted  tog«*e 
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between  them.  They  are  then  firmly  bound  together  with 
binding  wire  and  heated  in  the  flame  of  a  lamp  or  a  Bunsen 
burner,  or  in  the  fire,  until  the  tin  melts  and  unites  with  both 
surfaces.  Joints  carefully  made  may  be  united  in  this  way  so 
neatly  as  to  be  invisible. 

The  soft  solder  most  frequently  used  consists  of  2  parts  of 
tin  and  1  of  lead.  A  cheaper  solder  is  formed  by  increasing 
the  proportion  of  lead  ;  tin  to  1  lead  is  the  most  fusible 
solder,  unless  bismuth  be  added.  The  following  table  gives 
the  composition  of  some  of  these  solders  with  their  points 
of  fusion : — 


No. 

Parts. 

Melts  at 

No. 

Parts. 

Melts  at 
degrees  F. 

j  Tin. 

Lead. 

degrees  F. 

Tin. 

Lead. 

1 

o 

1 

25 

558° 

7 

11 

1 

334° 

340 

A 

3 

4 

5 

6 

1 

1  1 

1 

1  1 

10 

5 

3 

2 

1 

541 

511 

482 

441 

370 

8 

9 

10 

11 

12 

2 

3 

4 

5 

6 

1 

1 

1 

1 

1 

356 

365 

378 

381 

Foi  ordinary  plumber’s  work  the  solders  from  ^  ^  ^  .g 

used  with  tallow  as  a  flux.  For  lead  and  tin  pipe"  ^ 

used  w itli  a  mixture  of  rosin  and  sweet-oil  as  a  A1  ^ 

Britannia  metal  No.  8  is  used  with  chloride  ot  zhlC  °r  ^ 
a  flux.  It  can  also  be  used  for  soldering  cast-iron  a 

w  ith  common  rosin  or  sal  ammoniac  as  a  flux-  ^  ailoVs> 

solder  can  also  be  used  for  copper  and  many 
such  as  brass,  gun-metal,  etc.,  sal  ammoniac,  chlori  1  0  ^ 

rosin  being  used  as  a  flux.  The  solder  No*  0  ^ggay(d 
led  in  England  plumbers’  scaled  solder,  which  1  „ 

and  stamped  by  an  officer  of  the  “  Plumbers’  Comp*11  • 


SOLDERS  AND  SOLDERING. 


459 


The  preparation  of  soft  solder  is  very  simple.  The  tin  is 
first  melted,  a  porcelain  or  stoneware  vessel  being  best  adapted 
for  the  purpose,  as  with  the  use  of  iron  vessels  there  is  dangei 
of  the  absorption  of  iron  by  the  solder.  The  tin  being 
pletely  melted  the  lead  is  added,  and  the  tv  o  metals 
thoroughly  combined  by  stirring.  The  finished  alio} 
poured  into  suitable  moulds. 

Many  manufacturers  simply  pour  the  finished  scdde  ^ 
hue  stream  upon  a  stone-slab,  and  subsequent!}  recom_ 
sheet  thus  obtained  into  small  pieces.  It  is,  hov  for 

tended  to  cast  the  solder  in  moulds,  as  it  is  m  ^  ^ 

*Mking  in  this  shape,  and  besides  its  composition  j  ^ 
better  controlled.  The  most  suitable  shape  ^ 

about  7f  by  1J  inches  and  i  to  ^  appearance  of 

Experts  judge  the  quality  of  a  •  o  .  spccial  value  to  its 
surface  of  the  cast  pieces,  and  a  ^ecbnically  called  the 
radiated-crystalline,  which  IS  “ustre  than  the  dull 
".Sower,”  and  should  have  a  st}°"6e  soroetimes  happens, 
Stound  of  a  dead  silver  color.  >  “  color,  it  contains  too 
th*  solder  shows  a  uniform  ith  an  addition  of  a  smal 

'ittle  tin,  and  it  is  best  to  remel 
Quantity  of  tin. 


f  bismuth  1  part,  tin  1,  and 

'I'SZZZ 

d  l.  It  melts  *  than  well  adapted  for 

sition,  it  is  much^^  It  w,  ^  an<J  considerably 

6  content  of  .  very  i 

as  u  1 

rtain  purposes,  4  ‘  colder. 


■—  dillftry  s0'°l;evcrv  readily  fusible  metallic  com- 

t’der  than  °r<1  _,,utioned  e'CI-  ’  *’ 


der  than  or  1  io„ed  cv^g,  and  consequently  the 
As  previou  .  usCd  to  of  bismuth  might  be  classed 

sition  can  ^  cadmUllU 
sible  all°-  * 


460 


the  metallic  alloys. 


with  the  soft  solders.  They  are,  however,  only  used  in 
exceptional  cases  on  account  of  their  costliness. 

Hard  Solders. 

Under  this  name  very  different  alloys  are  used,  their  com¬ 
position  depending  principally  on  that  of  the  metals  or  alloys 
to  be  soldered.  Though  hard  solders  are  found  in  commerce, 
many  large  manufacturers  prefer  to  make  their  own  solders  in 
order  to  have  them  entirely  suitable  for  the  purpose  they  are 
intended  for.  According  to  the  metals  or  alloys  for  which 
they  are  to  be  used,  hard  solders  are  divided  into  brass-solder 
for  soldering  brass,  copper,  etc.,  argentan-solder  for  German 
silver,  gold  and  silver  solders  for  gold  and  silver,  etc.,  and 
this  division  will  be  retained  here. 

Brass-solder  is  the  most  fusible  of  all  hard  solders  and  is 
prepared  according  to  various  proportions.  It  is  generally 
made  by  melting  a  good  quality  of  brass  together  ^ith 
determined  quantity  of  pure  zinc,  or  sometimes  adding 
tin  to  the  mixture.  Such  solders  are  composed  of  hia-s 
parts,  zinc  1.  A  somewhat  more  refractory  conipodt 
consists  of  brass  6  parts,  zinc  1,  and  tin  1.  And  a  still  1 

ie  ractory  one  of  brass  6  parts,  zinc  1,  tin  1,  coppel  •  ^ 

latter  solder  is  the  so-called  hard  brass-solder  and  is  use  ^ 
soldering  iron  and  copper.  In  speaking  of  the  u  1  ^ 

alloys  attention  was  drawn  to  the  fact  that  with  an  u  ^  ^ 

in  the  content  of  tin  the  color  of  the  brass  passes  from  br°  _ 
yellow  more  and  more  into  gray,  and  that  the  due 
decreases  at  a  corresponding  rate.  Varities  of  brass  vcl> 
tin  are  no  longer  ductile,  but  possess  a  consideiabh 
uf  brittleness.  By  adding  to  such  composition*  tn  ^ 
midness  and  brittleness  are  still  further  increased,  an 
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1ffi  are  thus  obtained,  which,  according  to  their  peculiar 
*  are  designated  as  yellow,  half-yellow  or  half-wlnte,  an 

tkile  solder. 

Regarding  the  quantity  of  metals  to  be  added  to  the  brass, 
it  has  to  be  taken  into  consideration  that  solders  containing 
much  tin,  though  quite  thinly  fluid,  acquire  such  a  degree  o 
brittleness  as  to  break  in  most  cases  on  bending  at  the  so  <  ere 


in  making  solders,  great  care  should  be  taken  to  secure 
iformity  of  composition ;  they  are  often  f^d  "^ble 

a  granulated  form  or  cast  m  mgo  s. .  homo- 

,de  of  their  preparation  is  as  °  ^ble  to  brass,  as 
aeous  sheet-brass  is  used,  it  being  Pie  e  £  »p0  re_ 

rolling  it  has  acquired  greater  homogenecm^  by 

re  the  brass  for  the  manufacture^^  advisable,  as  the 
siting  together  copper  and  zinC>  18  eration  can  never  be 
avoidable  loss  of  zinc  during  the  ^1  ^  can,  however, 

actly  determined.  By  using  Au  iided>  if  necessary,  with 
!  readily  melted  down  and  coi  1  0f  the  latter, 
rrc,  without  any  sensible  volati  ^  ^  as  strong  a  heat  as 

The  brass  is  first  melted  in  <  the  entire  quantity 

>ssible,  and  when  thoroughly  ^  the  golder,  and  which 

-  to  be  used  in  the  is  added.  The  contents 

as  previously  been  sW°n®.g0roasly  stirred  and  ^  is 

f  the  crucible  are  t  «  ^  granulation^  ^  or 

oinutes  poured  o  _  lted  tneta  height  into 

ffected  by  ^  ^  „r  from  •  «•£ le ^ 

adle  through  a  ^  ^  of  the  JS™  &  aniform  product 

m  water.  and  »  °‘'  h  different-sized  sieves  and 

within  wide  l111  be  paSSed  thioug 

the  grains  \ixTge  pieces  remclte  • 

all  excessive^ 
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According  to  another  method,  the  melted  metal  is  p0Urej 
into  a  shallow  vessel  filled  with  cold  water  in  which  lies  a 
large  cannon  ball  so  as  partially  to  project  from  the  fluid 
The  metal  falling  in  a  fine  stream  upon  the  cannon  ball  fies 
into  small  pieces  of  nearly  uniform  size,  which  fall  into  the 
water,  where  they  quickly  harden. 

The  finest  and  most  beautiful  product  is,  however,  obtained 
in  the  following  manner.  At  some  distance  above  the  level 
of  the  water  serving  for  the  collection  of  the  grains,  a  hori¬ 
zontal  pipe  is  arranged  which  is  connected  either  with  a  pow¬ 
erful  forcing  pump  or  a  water  reservoir  situated  at  a  high 
level.  Before  pouring  out  the  melted  metal  the  cock  on  the 
pipe  is  opened  so  that  the  jet  of  water  issuing  from  the  pipe 1S 
thrown  in  a  horizontal  direction  over  the  vessel  containing 
the  water  ;  upon  this  jet  of  water  the  stream  of  melted  nieta 
is  poured.  The  greater  the  force  with  which  the  wa^e 
hurled  from  the  pipe  the  greater  also  the  force  with  which ^  ^ 
stream  of  melted  metal  is  divided,  and  by  this  means 
possible,  within  certain  limits,  to  obtain  grains 
mined  size.  As  will  be  seen  from  the  above  descrip 


scattering  of  the  stream  of  melted  metal  is  based  on 


the  same 


principle  as  that  employed  in  diffusing  fragrant 


liquids 


in 


the  air. 


sited 


the 


Casting  being  finished,  the  grains  of  soldei  depc  ^  ^  pre* 


bottom  of  the  vessel  are  collected  and  quickl)  0xide 

vent  them  from  becoming  covered  with  a  1<1.> 
which  would  exert  a  disturbing  influence  in  s(d  j^iid 

The  following  table  shows  the  composition  of  ^.oUg  pur 
of  solder  which  have  stood  a  practical  test  f01 
poses  : — 
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Copper. 
- - 


Yen’  refractory . 1 

«  “  . 

Refractory.  . 

Readily  fusible . .  •  • 

Half-white,  readilv  fusible.  • 

Me.  . 

Malleable  solder .  .  . 

Hardsolder  according  to  V oik. 


per  cent. 
57.94 

58.33 
50.00 

33.34 
44.00 
57.44 
72.00 
53.30 


Zinc. 

1 

Tin. 

Lead. 

per  cent. 
42.06 

per  cent. 

per  cent. 

41.67  1 

— 

50.00 

— 

66.66 

46.90 

3.30 

1.20 

27.98 

14.58 

18.00 

4.00 

46.70 

"" 

Since  these  solders,  as  previously  mentioned,  are  g 

,  -nnp  we  give  in  tne 

prepared  by  melting  together  brass  an  ’ 

following  table  the  proportions  of  brass  (in  slit 
•luired  for  the  purpose. 


re- 
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Brass-solders  according  to  Karmarsch  : — 


Brass 

Yellow,  very  refractory  .  .  7 
“  refractory  .  .  .  3  to  4 
“  readily  fusible  .  .  5 

Half-white . 12 

“  . 22 

White . 20 

“  .  11 


Composition  of  the  solder 


— N 


Zinc 

Copper 

Zinc 

1 

=  58.33 

41.67 

1 

=  50.00 

50.00 

2  to  5 

=  33.34 

66.66 

4  to  7 

and  1  tin 

10 

ii  ]  U 

1  “  4  “ 

1  “  2  “ 

4  “  10  “ 


Brass-solders  containing  lead  are  very  rarely  used  at  the 
present  time,  those  containing  besides  copper,  zinc,  and  per¬ 
haps  a  small  quantity  of  tin  being  generally  preferred. 

Argentan-solder. — The  metallic  mixture  to  which  this  term 
is  applied,  not  only  serves  for  soldering  articles  of  argentano 
German  silver,  but,  on  account  of  its  refractory  character 
considerable  toughness,  is  generally  used  for  soldering  J1 
where  the  joints  are  to  be  especially  solid.  B  1S  ^ 
frequently  employed  for  soldering  fine  articles 

and  iron.  .  fl 

solder lS  J 

As  regards  its  centesimal  composition,  argentans^  ^ 
variety  of  German  silver  especially  rich  in  zinc,  v  ^;injCall)' 
show  considerable  brittleness,  -hatitcanye--,, 
converted  into  a  fine  powder.  The  propoit101  -eflyou^e 
which  the  solder  is  composed  vary,  and  depend  ’  ^  g0i<Jei^ 
composition  of  the  articles  of  German  sil^ el  egped!^' 
with  it.  Manufacturers  of  German  silvei  nil  ^se,  use' ' 
nch  in  nickel,  and  consequently  more  difficlllt  t(  ^oge  ^ 
u  iule,  a  somewhat  more  refractory  soldei  ths  ^  arl<J  d1' 
factoring  alloys  which  contain  but  little  id 
are  consequently  more  fusible. 
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As  argentan-solder  is  not  only  employed  for  soldering  Ger¬ 
man  silver,  but  also  for  articles  of  steel,  efforts  have  been 
made  to  prepare  compositions  answering  all  demands,  of 
which  the  following  have  stood  a  practical  test : — 
a.  Readily  fusible  argentan-solder. — Copper  35  parts,  zinc  o7, 


nickel  8. 


iron 


icnei  o. 

b.  Less  fusible  argentan-solder  (especially  adapted  for 

and  steel). — Copper  38  parts,  zinc  50,  nickel  12.  the  alloys 
_ ii-i...  r  i oil  nut]  cast  i  n 


ana  steel). — Copper  38  parts,  zinc  ou,  nicKei  — 

we  melted  in  the  same  manner  as  German  sil\  ei  and  ui.  t 
thin  plates,  which,  while  still  hot,  are  broken  into  piece, 
converted  into  as  fine  a  powder  as  possible  in  an  hoi 
Previously  heated.  If  the  alloy  is  readily  converted  into 
Powder,  it  contains  too  much  zinc,  or  if  with  ilirtuu  *>■ 

■We  zinc.  But  in  either  case  it  does  not  possess  the  J >  P 
ties  of  argentan-solder  of  the  proper  proportions,  an 
Wen  hut  to  remelt  it.  Hence  it  * £%£ £ Tclct 
Certain  by  small  samples-  whether  quantity  of  the 

^position.  For  this  purpose  a  ^  means  of  a  iadle 
belted  metal  is  taken  from  the  tQ  its  be. 

a,lfl  poured  upon  a  cold  stone  a  pulverized,  it  indi- 

W  in  the  mortar.  !f  it  can  be  readily 


5s  an  excess  of  zinc.  yed  by  keeping  the  alloy 

^lis  excess  of  zinc  can  be  1  crucibie  uncovered,  whereby 
flux  for  some  time  with  volatilizes,  and,  after  con¬ 

siderable  quantity  of  ^  an  alloy  showing  the 

uing  the  heating  **  .gained.  This  method  is,  how- 
.  +  nf  zin°  .  n(j  a  considerable 

luired  content  ol  nsUmes  time  ana  a 

ir,  expensive,  therefore,  more  suitable  to  throw 

antitv  of  **  ‘‘  heated  German  silver  into  the  melted 

al,  pieces  of 
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alloy  and  effect  an  intimate  mixture  of  the  metals  by  stirring 
with  a  wooden  rod. 

If  a  sample  of  the  alloy  cannot  be  pulverized  or  broken  into 
pieces  by  vigorous  blows  with  a  hammer,  it  is  a  sure  proof 
that  zinc  is  wanting.  This  defect  can  be  more  readily  cor¬ 
rected  than  the  preceding  one,  it  being  only  necessary  to 
throw  a  small  quantity  of  zinc  into  the  crucible  and  distri¬ 
bute  it  as  uniformly  as  possible  in  the  melted  mass.  After 
repeating  the  addition  of  zinc  and  testing  once,  or  at  the 
utmost  twice,  a  solder  answering  all  requirements  will  be  ob¬ 
tained. 

Argentan-solder  has  a  pure,  white  color  and  strong  lustre. 

It  melts  at  quite  a  high  temperature  and  for  this  reason  is 
well  adapted  for  soldering,  for  instance,  lamps  used  for  the  | 
production  of  high  temperatures  (so-called  Berzelius  lamps) 
which  were  formerly  much  used  in  chemical  laboratories,  but 
which  at  the  present  are  generally  replaced  by  gas. 

Solders  Containing  Precious  Metals. 

Solders  containing  precious  metals — gold  and  sih  ei  al 
chiefly  used  in  the  manufacture  of  gold  and  silver  wares,  b 
are  also  employed  for  soldering  articles  of  cast-iron,  C01 1 
bronze,  etc.,  and  by  manufacturers  of  fine  mechanical  "(1*  j 
Generally  these  solders  consist  of  an  alloy  of  s^er  a  ^ 
copper,  or  silver  and  brass,  for  silver-solder;  sonietim 
small  quantity  of  tin  is  added,  which  lowers  the  11  ^ 

point  and  gives  a  soft  silver-solder.  The  compos1*101^, 
silver  solders  varies  according  to  the  purpose  for  'vhic  1  jn  j 
ire  to  be  used.  In  the  following  the  compounds  emj  j 

preparation  of  the  solders  most  frequently  used  ai  n^jS  I 
Ordinary  hard  silver-solder. — Copper  1  part,  sih  <- 1 
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joy  is  quite  tenacious  and  very  ductile.  It  is  preferably 
;-k!  for  soldering  articles  to  be  worked  under  the  hammer  01 


.  silver-solder. — The  alloy  known  under  this  name 
— also  considerable  hardness  and  ductility,  and  has  a 
'lnewhat  lighter  color  than  the  preceding.  It  is  prepared 
'  melting  together  a  fine  quality  of  brass  with  silver,  and  is 
consequently  an  alloy  of  silver,  copper  and  zinc.  It  is  com 
''■'l  of  sheet-brass  1  part  and  silver  1. 

¥  *ilver-solder.— The  solders  given  above  have  a  compara- 
"b  high  melting  point.  To  facilitate  the  working 
ulkr  articles,  solders  with  a  lower  melting  point  ar 
r>lllch  is  attained  by  the  addition  of  a  small  quantity  of  tin, 
*hich  must,  however,  be  very  pure.  An  excellent  soft  si  ver- 
'J^er  ^  composed  of  sheet-brass  32  parts,  silv  er  32,  t 

Mver-solders ;  a.  Very  ^.-Silver  40  parte,  coPP 

10. 

6-  Herd— Silver  40  parts,  copper  2,  brass  18. 

'■  Xiddliny  Lard.  Silver  40  parts,  copper  10,  br  - 

.  i  e  for  soldering 
silver-solders :  a.  For  after-soldei1  9>  gilyer  20  parts, 
‘nicles  that  have  parts  already 

bra«s  10.  qilver  25  parts,  brass  30, 

b  n  -  1  ■  nnd  brittle- — 

J-  Quick  running  ana 

10.  ,  used  for  soldering  silver- 

The  last  composition  is  fed"®.  silver.  in  consequence  of 

Alloys  with  a  very  small  the  soldered  places  read.ly 

‘he  great  brittleness  of  such - 

sPring  open.  .  ^r<w._Silver  20  parts,  copper  30, 

tiilver-soldrr  f°r 

zinc  10. 
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Silver-solder  for  steel. — Silver  30  parts,  copper  10. 

For  soldering  articles  of  silver  the  alloy  itself  of  which 
they  are  manufactured  is  in  many  cases  used.  But  the 
manipulation  is  somewhat  troublesome  on  account  of  the 
difficulty  of  keeping  the  places  to  be  soldered  clean,  and 
the  pieces  must  be  very  nicely  fitted  together.  The  solder,  in 
this  case,  is  used  in  the  form  of  fine  shavings  and  is  melted 
by  means  of  a  keen  flame.  For  small  articles  the  flame  of  a 
blow-pipe  suffices  as  a  rule,  but  for  larger  articles  it  is  best  to 
use  a  special  small  blowing  apparatus,  by  means  of  which  the 
solder  can  be  applied  very  uniformly.  It  offers  the  further 
advantage  of  leaving  both  hands  free,  which  is  of  importance 
for  turning  the  vessel  in  front  of  the  flame  and  for  the  appli¬ 
cation  of  the  solder. 

Gold-solders. — In  color  and  fusibility  the  solder  used  for 
articles  of  gold  should  approach  as  nearly  as  possible  the  alio} 
of  which  they  are  made ;  the  smaller  the  content  ot  g°^  111 
the  alloy  to  be  soldered,  the  more  fusible  the  alloy  Ube(^  ^  j 
soldering  must  be.  Gold-solders  consist  in  most  case, 
alloys  containing,  besides  gold,  copper  and  silver ;  by  ^ 
as  is  sometimes  done,  small  quantities  of  zinc,  solders  J 
comparatively  low  melting  point  are  obtained,  the  ^ 
which  has,  however,  the  disadvantage  of  the  soldeiec  P  ^ 
frequently  acquiring  a  black  color  during  the  sub.  1 
coloring  of  the  articles. 


fineness 


Manufacturers  use  for  articles  of  gold  of  vaii°u  ^  ^ 


anc 


solders  which  must  correspond  in  regard  to  coloi  ^  ^ 
bility  with  the  alloy  to  be  soldered.  The  foil0' 
gi\  es  the  composition  of  some  gold-solders  in  gL,lC1 


I  1 
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Hard  solder  for  fineness  750  .  .  . 

Soft  “  “  “  750  ..  . 

Solder  “  “  583  .  .  . 

“  “  583  ..  . 

11  for  less  fineness  than  583 
“  “  “  583 

u  u  u  583 
readily  fusible  .  .  . 

“  for  yellow  gold 


Parts. 


Gold. 


9.0 

12.0 

3.0 

2.0 

1.0 

1.0 

1.0 

11.94 

10.0 


Silver. 

| 

Copper. 

Zinc. 

2.0 

1.0 

— 

7.0 

3.0 

- - 

2.0 

1.0 

■ — 1 

0.5 

0.5 

— 

2.0 

1.0 

2.0 

— 

- 

54.74 

2.0 

28.17 

5.01 

1  0 

5.0 

derfc 


so 


be  decorated  with  enamel  cannot  he 
kind  of  gold  solder,  since  many  ename 
degree  of  heat  for  fusion  as  to  enda“g“  **  roeiting 
soldered  joints.  Hence  solders  W1  .  will  be 

lave  to  be  used.  The  following  compositions 

to  answer  all  requirements  :  ^ 

Refractory  solder. — Gold  74  Partj^  Q  fineness)  32  parts, 
lore  readily  fusible  solder.-  Go 

9,  copper  3.  latinum  vessels  to  be  used 

e  gold-solder. — F°r  soldering  P  was  formerly  use  , 

boratories  chemically  1)U  ped  by  sulphuric 

oys  Of  gold  and  silver  -re  ^  that  temperate- 

t  a  haling  heat  and  even  h  djfficult,  as  gold 

1  a  boiling  however,  .  and  even 

ring  with  fine  ^^ture  to  beconm  ^  ^  pr0(Juc. 
res  a  very  h.g  ^  roquire  speeta  ^  with  gold 
runs  so  thick  •  Jn  modern  „f  platinum 

of  a  perfect )  abandon6  .  rf  the  flame  of 

been  almost  e  d  wlth  the 
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Aluminium  gold-solder. — This  solder  is  frequently  used  by 
dentists  for  joining  together  the  separate  metallic  portions  of 
sets  of  artificial  teeth.  Besides  aluminium  it  generally  con¬ 
tains  gold  and  silver,  though  in  the  place  of  the  latter  plat¬ 
inum  and  copper  are  now  frequently  used.  In  the  following 
we  give  two  receipts  for  preparing  aluminium  gold-solder: 

I.  Gold  3  parts,  platinum  0.1,  silver  2,  aluminium  10. 

II.  Gold  5  parts,  silver  1,  copper  1,  aluminium  20. 

Alloys  containing  precious  metals  must,  on  account  of  their 

costliness,  be  brought  into  such  shape  that  as  little  as  possible 
be  wasted  in  using  them.  In  most  cases  they  are  cast  into 
thin  rods  and  rolled  between  steel  rolls  into  thin  sheet,  which 
is  cut  with  the  shears  or  pressed  into  thin  strips,  the  so-called 
“  pallions,”  or  filed  into  dust,  which  is  no  doubt  the  best 
method  of  using  them. 


!  %U  iSOMVriny 


Treatment  of  the  various  solders 

fluids ,  etc. 

Solders  adhere  only  to  bright  and  clean  metal,  an( 

surfaces  of  the  plates  to  be  soldered  must  consequently  t* 

jected  to  a  special  treatment  in  order  to  remove  an} 
grease,  etc. 

Many  substances  are  used  for  this  purpose  in  the  P  ^ 
the  most  important  of  which  will  be  briefly  discusse 
ollowing.  According  to  their  behavior  the  chenfic  1  ^ 
tions  used  in  soldering  can  be  divided  into  * 

lamely,  in  those  which  produce  a  bright  surface  0 
}  dissolving  the  layer  of  oxide  upon  them.  ,  jjjjg 

ilute  mineral  acids  are  generally  used  fQl  1  o  l 
P  aces  to  be  soldered,  hydrochloric  (muriatic)  a 
chiefly  empl0ye(j  fop  the  ^purpose.  By  touching 
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where  the  solder  is  to  be  applied  with  a  brush  dipped 
in  dilute  hydrochloric  acid,  the  oxide  is  at  once  dissolved  and 
the  melted  solder  spreads  rapidly  over  the  surface.  Hydro- 
clone  acid  is  used  upon  zinc  as  well  as  upon  tin.  The  com 
bination  formed  by  the  solution  of  zinc  in  hydrocloric  acid  is, 
however,  very  volatile  in  the  heat  imparted  to  the  metal  by 
the  soldering  iron,  and  a  considerable  quantity  of  \apoi. 
injurious  to  the  health  and  also  to  the  metal  of  the  soldering 
iron  are  evolved.  It  is,  therefore,  recommended  to  Prov  ide 
the  workshop,  where  much  of  such  soldering  is  done, 


•rough  ventilation.  . ,  • 

Instead  of  dilute  hydrochloric  acid,  the  so-called  so  enn 

_  t+  ia  nrenared  by  dmding  a 


dilute  hydroemone 

is  used  in  many  places.  It  is  prepared  by  1V1 
quantity  of  hydrochloric  acid  into  tv  o  eq  ^  ^ 

founding  one  of  these  parts  wlt^  the  develop- 

ng  it  in  contact  with  an  excess  o  hydrochloric 

fc  of  gas  has  ceased.  The  otlici  poi  until  no 

is  compounded  with  carbonate  ^  carbonic  acid  takes 
e  effervesence  due  to  the  cscai  ^nb^ned  jn  place  of 

e.  The  two  liquids  are  then  c  &  soiution  of 

saturated  solution  of  carbona  e^  voiumes  of  the 

ammoniac  in  water  can  -n  tliis  case  taken  to 

:  solution  and  sal 

preparation  of  the  *°lder‘“flone  is  frequently  used,  whwh 
•or  brass  articles  upon  the  surface  of  the 

,  by  reducing  the  work  turpentine,  co  ophou  , 

tals.  As  fluxes  lor  niac  and  olive  oil  are  a  " 

u  ***•£?£»  " 

"lay  he  heleTuflow  and  adding  sal  ammoniac, 

vixd  strong  3 
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The  mass  is  stirred  until  homogeneous  and  then  allowed  to 
solidify. 

For  hard  soldering,  substances  are  used  which  dissolve  the 
layer  of  oxide,  and  form  with  it  a  glass-like  combination 
which  is  melted  by  the  heat  and  forced  out  by  pressing  the 
soldered  pieces  together.  The  best-known  agent  of  this  kind 
is  borax,  which  readily  dissolves  the  oxides  in  consequence  of 
the  excess  of  boracic  acid  it  contains.  For  higher  de¬ 
gress  of  temperature,  readily  fusible  glass  finely  pulverized 
also  does  good  service,  the  fused  glass  dissolving  the  oxides. 
A  solution  of  water-glass  also  answers  the  purpose  and  is  fre¬ 
quently  used  in  hard  soldering. 

Hard-soldering  fluid.— The  composition  known  under  this 
name  consists  of  a  solution  of  phosphoric  acid  in  akoli- 
It  is  prepared  by  dissolving  phosphorus  in  nitric  acid)  ev  l^ 
orating  the  solution  to  expel  any  excess  of  nitric  acid^  ^ 
mixing  the  syrupy  mass  with  an  equal  quantity  of  ^ 
alcohol.  The  phosphoric  acid  dissolves  the  kuei  o 
the  combination  formed  melting  under  the  )ineiin 

and  is  displaced  by  the  melted  solder  which  now 
contact  with  the  bright  metallic  surface,  lhe  hai 
fluid  can  be  advantageously  used  in  soldering  C0U  ^jil0llja 
as  brass,  bronze  and  argentan.  The  phosphate 


or  of  soda  is  also  used  in  soldering  copper. 


;  the  nse 


of 


Still  more  suitable  as  a  flux  in  hard  soldeiing  co*1' 

a  Ouartz-sal 

quartz-sand  and  some  decomposed  soda.  h  Both*** 
sists  of  silicic  acid  and  soda  of  sodium  carbona  ^  c0fllbine  t0 
substances  on  coming  together  in  a  strong  ^  eS('r 
sodium  silicate,  which,  if  silicic  acid  be  Pie  as  f° 

dissolves  the  oxides.  For  very  high  temp^ula  by  it't ' 
instance  in  welding  iron,  the  use  of  pure  qlia 
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fes  By  strewing  the  sand  upon  the  red-hot  iron  placing 

.  n  +Lp  hammer  the  combination  ol  tne 

v  vigorous  blows  ot  the  nammei , 

ilicic  acid  with  the  ferric  oxide  formed  upon  the  sur^e®^ 
he  pieces  of  the  metal  is  pressed  out  in  a  fluu  orm,  < 
wo  surfaces  of  iron  having  become  bright  will i  m  ^  ^ 

In  soldering  copper  and  brass,  or  sim^ar^ 

solder,  many  workmen  use  the  80  b  carefully 

whilst  in  many  cases  a  better  joint  may  ^  accurateiy  one 
filing  the  places  to  be  soldered,  so  a  them  and  laying 

upon  the  other,  applying  soldering  1  uu  partg  are  then 

apiece  of  thin  tin-foil  between  them.  lamp  until  the 

hound  together  with  wire  and  held  ov  annexed  table 

tin  foil  is  melted.  Solders  19  and  rpjie  fusing  points 

may  be  recommended  for  this  Pu  P  ^  ^  the  workmen  in 
given  in  the  table  may  be  of  advan  s0idering  joints. 

case  the  same  piece  of  work  req  s0]dered  with  tin-solder 
If>  for  instance,  a  joint  has  been  -  ^  be  soldered 

Ho.  5,  an  adjoining  joint  may,  ^  of  these  two  solders 

With  solder  No.  16,  the  me  m 
being  far  apart. 
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Soldering  jewelry. — Watchmakers  in  the  country,  who  are 
often  called  upon  to  repair  jewelry,  can  doubtless  use  the  sol¬ 
dering  pan  described  and  illustrated  in  the  Swiss  “  I  hrmachei 
Zeitung.”  As  is  known,  the  broken  parts,  for  instance,  the 
soldered  joint  of  a  finger  ring,  must  be  carefully  united  b\ 
binding  wire  before  the  actual  job  of  soldering  is  commenced. 
This  part  of  the  process  requires  a  certain  practice,  it  the  h 
pairer  does  not  desire  to  spend  too  much  time  on  the  j 
Next  there  are  various  difficulties  in  hard  soldeiing  j<A 
'dth  pearls  or  jewels,  because  these  cannot  withstand  the 
These  two  difficulties  are  fairly  well  remedied  by  the  pin 
shown  in  the  accompanying  illustrations.  It  con 
stable  deep  copper  pan-A,  Fig.  30-furnislied  with  han  ^ 

he  pan  has  two  lateral  projections,  a  c  >  ,1+0  o-ood 

l,">  milled  screws,  K  and  M.  These  may  be  use 

Ji'lG.  31. 

Fig.  30.  , 


Uored,  as  it  is  only 

F  a  broken  ring  is  to  »  *  as  shown  in  Fig  30 

it  between  the  screws  ^  after  which  the  job  of 
le  joint  to  be  -'^“’thout  even  soihng  one  s  finger 
nn  may  bo  undertaken 

nh  ^  T  rr  31,  are  used 

Trpurpo-  ‘^^tTfnstance’,  when  the  upper 

a  shirt  button.  Of  the  two 


IS 
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clamps,  one  moves  in  the  handle  of  the  pan  ;  the  other  in  an 
opposite  shoulder  b,  Fig.  30,  moving  with  tight  friction  so 
that  they  will  keep  steady  the  part  B  to  be  soldered,  if  pre. 
viously  the  lower  part  A  of  the  shirt  button  was  fastened  be¬ 
tween  the  screws  (see  Fig.  31). 

In  Fig.  32  the  pan  is  shown  in  cross  section,  to  indicate 
how  it  is  to  be  used  in  case  a  ring  with  jewel  is  to  be  soldered. 


This  is  to  be  fastened  as 
deeply  as  possible  between 
the  screws,  and  the  pan  is 
then  filled  to  a  proper 
height  with  sand.  Above 
is  placed  a  layer,  0,  of  small 


Fig.  32. 


pieces  of  coal  or  asbestos,  and  soldering  may  then  oe  " 
menced  without  danger  to  the  jewel. 


CHAPTER  XXII. 


DETERMINATION  OF  THE  CONSTITUENTS  OF  METALL 
ALLOYS,  OF  THE  IMPURITIES  OF  THE  TECHNI¬ 
CALLY  MOST  IMPORTANT  METALS,  ETC. 


Since  most  metals  dissolve  in  nitric  acid,  pom  o\  .  ^ 
*mple  in  a  glass  flask  chemically  pure  nitric  acid 
dution  by  careful  heating  over  a  spirit  flame.  ^  ^ 

I  Gold  and  platinum  dissolve  only  in  aqua  regia  ;  in  a 

simony  are  only  oxidized  by  nitric  acic .  1(jicates  gold, 
dissolved  residue  of  the  sample  remains,  it  tfie 

I'ktinum  or  antimony  (or  carbon  with  cas  and  treat 

which  may  he  termed  .4,  from  the  solut.cn 


as  given  under  15.  f  filtration  be  not 

lute  a  sample  of  the  filtrate  (  ^  teSt-glass  with  dis- 
J,  a  sample  of  the  solution)  reCipitate  appears 
ate.  If  turbidity  or  a  as  basic  salt 

*  bismuth,  which  has  been  P  rance  of  t  ibt 

16  S0lutl°n  by  ^  ;iuSive  P^of  °V  the  precipitation 

however,  is  not  conc^  ^  j,***  evaporate  the 
nnce  an  excess  of  be  certau  ,  ^  water. 

i  bismuth  nitrate.  ^  then  1  with  dilute  sul- 

to  drive  off  the  a^0  soluti°n  ^j'ate  is  formed,  the 
nother  sample  o  nuLu'  P  ,  .  sUlphates  of  lead 

acid.  K  a  U  ‘ 

»  of  metal  original  solution,  or  m 

soluble  inacl<^’p o^lrn 
f,  on  mi*lWg 
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clamps,  one  moves  in  the  handle  of  the  pan ;  the  other  i„ 
opposite  shoulder  b,  Fig.  30,  moving  with  tight  friction  I 
that  they  will  keep  steady  the  part  B  to  be  soldered,  if  J 

viously  the  lower  part  A  of  the  shirt  button  was  fastened  be 
tween  the  screws  (see  Fig.  31). 

In  Fig.  32  the  pan  is  shown  in  cross  section,  to  indicate 
how  it  is  to  be  used  in  case  a  ring  with  jewel  is  to  be  soldered. 


This  is  to  be  fastened  as 
deeply  as  possible  between 
the  screws,  and  the  pan  is 
then  filled  to  a  proper 
height  with  sand.  Aboie 
is  placed  a  layer,  0,  ot sma^ 


pieces  of  coal  or  asbestos,  and  soldering  may  then  oe  com¬ 


menced  without  danger  to  the  jewel. 


CHAPTER  XXII. 


DETERMINATION  OF  THE  CONSTITUENTS  OF  METALLIC 
ALLOYS,  OF  THE  IMPURITIES  OF  THE  TECHNI¬ 
CALLY  MOST  IMPORTANT  METALS,  ETC. 

Since  most  metals  dissolve  in  nitric  acid,  pom 

sample  in  a  glass  flask  chemically  pure  nitric  acid 

solution  by  careful  heating  over  a  spirit  flame. 

!•  Gold  and  platinum  dissolve  only  in  aqua  regi<  , 

*  Hence  it  an  un 

autimony  are  only  oxidized  by  nitric  aci  •  ^  gM 

f  ^solved  residue  of  the  sample  remains,  Filter  the 

Phtinum  or  antimony  (or  carbon  v  ‘  0jution  and  treat 

rosidue,  which  may  be  termed  A,  from  * ie  s 

further  as  given  under  15.  f  filtration  be  not 

^  dilute  a  sample  ot  the  a  test-glass  with  dis- 

Oocessary,  a  sample  of  the  solu  precipitate  appeals  it 

^ed  water.  If  turbidity  or  a  w  pitated  as  basic  salt 

indlcates  bismuth,  which  has  toe  non.appearance  of  this  re- 

V  the  solution  by  ^e,  J*  the  absence  of  dns- 

**ion,  however,  is  not  conelu;’  events  the  precip  tat  on 

«>wh,  since  an  excess  of  J,  certain,  ^st  evaporate 

'lf  basic  bismuth  ‘^^‘xed  Uth  dilute  sul- 

»mple  to  drive  of  ^  s0lu^  itate  ig  formed,  the 

3.  Another  s""‘  wbite,  gri'"^caUsc  only  sulphates  of  lead 

P^Uric  acid.  ^  ‘  ^ea  ’ 

1  co 

mple  of  meta  the  original  solution,  or  in 

0rti°n 


e  insoluble  a  P°  (  477  ) 

4.  If,  on 
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case  the  test  for  lead  was  successful,  a  portion  of  the  filtrate  I 
free  from  lead,  with  pure  hydrochloric  acid,  a  white,  caseous  I 
precipitate  is  formed  if  the  metallic  sample  contains  silver  or  I 
mercury.  In  case  test  No.  3  has  not  been  previously  executed,  I 
a  precipitate  of  chloride  of  lead  may  take  place  if  lead  is  pres-  I 
ent.  k  or  the  further  treatment  of  this  precipitate,  which  may 
be  termed  B,  see  under  14. 

o.  Add  to  a  small  sample  of  the  solution  in  nitric  acid  a 
few  drops  of  caustic  ammonia.  If  the  solution  acquires  a  fine 
blue  color,  the  sample  of  metal  contains  copper. 

f>.  I  o  test  for  mercury ,  evaporate  a  few  drops  of  the  solution 

ii 

c 

c 

t 

t 

t 

f 

I 

1 

1 
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The  top  A  should  be  fitted  loosely,  so  that  it  may  be 
moved  and  let  air  pass  through.  The  cork  at  B  must  be 
tight.  Fit  a  small  tube  into  the 
cork  after  bending  it  in  a  spirit- 
lamp  flame — a  quarter-inch  tube 
with  an  eighth-inch  aperture  is 
sufficiently  large  and  is  easily 
bent.  Take  an  inch  rod  of  iron, 
let  the  blacksmith  heat  it  white 
bet  and  press  it  into  a  small  roll 


re- 

air- 


"f  brimstone ;  this  will  give  you 
ir™  sulphide— you  need  it  in  pieces  as  large  as  bullets ;  it  me  ts 
readily  against  the  brimstone.  Place  some  cotton  ‘ 
the  bottle,  and.  having  fitted  a  plug  of  wood  w,t .  ho  es  in 

the  bottom  of  the  bottle,  luve 

"  'r0n  sulPhide  lumPs’  faS*en  ‘  Three  or  four  places,  so  that 

^  but  tlgT  y  'le  plug  be  well  fixed  in.  Put 

'ater  can  pass  freely,  and  ye  ^  ftt  A>  and  somewhat 


pass 

he  bottle  in  its  place,  resting  ^  ^  you  have  half  filled 

°°sely  fastened.  But  this  comm0n  hydrochloric 

.jar  with  a  mixture  of  e<f^retted  hydrogen  will  form  im- 
l(dd  and  rain  water.  U  Pmade  all  connections  perfectly  as 
Mediately,  and  if  yoU  ^^e^ags  froin  this  apparatus  into  the 
a  the  figure,  the  gaS  wl  the  beaker,  and  precipitation  will 
kniple  of  the  sohlt;l0n<ia vantage  of  this  apparatus  is,  that  if 
5<>on  take  place-  1  of  wOC)d  against  the  side  of  the  rubber 
Vou  tie  two  Uttle  bl°Cle  the  sides  together  and  stop  the  gas 

tubes  C  G,  s°  ‘l  around,  pull  the  bottom  off.  A  glass  chim- 

i  „oafiy  cr:,<  k  i4J  rather  too  small  to  contain  sufficient  iron 

low ;  when  i't  t  n  is  ran 

w,  use*1" 

hey  may  DC 
sulphide. 
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from  flowing,  the  gas  forming  pushes  the  water  out  of  the  in¬ 
terior  glass  D,  and  the  gas  stops  forming,  but  is  ready  at  any 
moment  to  begin  as  soon  as  the  string  around  the  blocks  is 
removed. 

8.  Neutralize  the  filtrate  from  the  previous  experiment  and 
mix  it  with  ammonium  sulphide.  The  precipitate  formed, 
which  may  be  termed  D,  is  washed  out  with  water  containing 
ammonium  sulphide  and  tested  according  to  10.  Magnesium 
may  also  be  contained  in  the  filtrate. 

9.  To  determine  magnesium  evaporate  a  small  quantity  of 
the  filtrate  obtained  in  8,  and  add  some  sodium  phosphate  and 
ammonia.  If  the  solution  contains  magnesium,  a  crystalline 
precipitate  of  ammonium  magnesium  phosphate  is  formed, 
which  is  insoluble  in  ammoniacal  water. 

10.  Pour  dilute  hydrochloric  acid  over  the  pi ecipitate 
(from  8).  If  a  black  residue — consisting  of  sulphides  of  i  ^ 
and  cobalt — which  may  be  termed  E,  is  formed,  it  ife  ^ 
oh  and  further  tested  according  to  11.  Boil  the  fihu1  '  ^ 

the  sulphuretted  hydrogen  is  completely  driv  on  0  ’  ^  ^ 
compound  it  with  nitric  acid,  boil  again,  and  evaporate  ^ 
compound  with  strong  alkaline  lye  in  excess,  boil  an  ^ 
1  he  precipitate,  which  may  be  termed  F,  is  anal} ze 
ing  to  12.  The  filtrate  may  contain  zinc  or  alum  in 
aie  determined  according  to  13.  qilodc 

11.  The  residue  E  (from  10)  is  dissolved  in  h)^1 
acid,  a  few  drops  of  nitric  acid  are  added  and  the  so 
evaporated  nearly  to  dryness.  By  adding  some 
and  acetic  acid,  and  after  standing  for  some  time  in  *  \\ 

a  yellow  precipitate  is  formed  if  cobalt  be  present.  *  ^ 
houis  filter  oh  and  compound  the  filtrate  with  cam 
is  present  when  a  greenish  precipitate  is  imm 
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does  not  completely  dissolve  in  the  excess  of  the  precipitating 
agent. 

12.  A  portion  of  the  precipitate  ^(from  10)  is  dissolved  in 
hydrochloric  acid  and  a  sample  of  it  tested  : 

a.  With  potassium  ferrocyanide  for  iron. 

b.  Melt  another  sample  with  potassium  carbonate  and  potas- 
sium  chlorate,  and  boil  the  melted  mass  with  water.  If 
chromium  was  present  it  has  been  converted  into  chromic  aci  1 
(yellow  solution),  and  can  be  readily  recognized  by  com¬ 
pounding  the  solution  with  sugar  of  lead.  If  chromium  is  not 
f°und,  a  portion  of  the  sample  is  tested  with  the  blow -pipe 


Ul<iganese.  ,  ,  i  ,  • 

c.  If  chromium  was  found,  a  portion  of  the  hydroch  u 

,  carbonate ,  com- 

'id  solution  is  neutralized  wi  /^d  the  precipitate  tested 
funded  with  caustic  soda  in  excess^  ^  lg 

Jr  wanganese  and  the  filtrate  01  .  q’ed  for  manganese  upon  a 

13.  Moisten  the  solution  to  c  ^  trace  of  saltpetre,  and 

latinum-sheet  with  some  s0(*a  ^  Up()11  it.  If  the  solution 
31  the  flame  of  the  blow  ph  .g  stained,  which  on  cool- 
°ntains  manganese  a  glCt  ^rate  from  10  may  contain  zinc 
llg  turns  blue-green.  rJ  he  tion  0f  it  with  sulphuretted 
*  alumina.  Compound  a  1  (gulp]iate  of  zinc)  indicates  zinc. 
lydrogen  ;  a  white  preCipl  Vth  hydrochloric  acid,  add  am- 
Acidulate  another  warm.  Alumina,  if  contained  in 

aonia  in  slight  ^  aluminium  hydrate. 

he  solution,  is  P^,p'“tate  B  (*»  «»*■*» 

14.  The  white  Pf^  or  subchloride  of  mercury  Trent  it 

f  silver,  chloride  </'  chloride  of  lead  .s  dissolved  ;  the 

viti,  much  ^determined  a,  m  3,  with  sulphuric  acid. 
rnd  maV  the-  b1  ,th  If  complete  solut.on  takes 

l1  rout  the  I-*”*  * 

31 
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place,  the  residue  consists  of  chloride  of  silver,  and  from  the 
solution  the  silver  is  again  precipitated  as  chloride  of  silver  bv 

V 

nitric  acid.  A  black  residue,  insoluble  in  water  and  ammonia 
consists  of  chlorine  and  mercury  (subchloride  of  mercury). 

15.  The  residue  which  remained  by  dissolving  in  nitric 
acid  is  warmed  in  aqua  regia.  If  a  white  insoluble  powder 
is  separated  it  generally  consists  of  chloride  of  silver,  more 
rarely  of  chloride  of  lead.  Though  silver  and  lead  by  them¬ 
selves  are  soluble  in  nitric  acid,  by  alloying  with  the  more 
noble  metals  they  are  frequently  protected  from  solution,  and 
may  be  contained  in  the  residue.  The}7  are  determined  ac¬ 
cording  to  14.  A  portion  of  the  solution  is  now  mixed  vith 
ferrous  sulphate  solution.  A  fine  brownish  separation  con 
sists  of  metallic  gold.  A  yellow7  precipitate  produced  1'} 
ammoniac  establishes  the  presence  of  platinum.  ^ 

If  the  residue  A  consists  of  a  white  powder  it  is  washed  ^ 
water  and  boiled  in  a  flask  wTith  tartaric  acid,  H  it  b  0 
it  consists  of  oxide  of  antimony  ;  if  insoluble  it  conta 
16.  The  precipitate  C  (from  7)  obtained  with  sulph  ^ 
hydrogen  contains  a  number  of  metallic  sulphides,  a  1^^ 
of  which — antimony,  arsenic,  tin,  gold,  platinum  h  ^  ^.jute 
by  ammonium  sulphide.  The  residue  is  boiled  "  ujphor’ 
nitric  acid  and  dissolves  thereby,  separating  dak.  1111(tis- 
w’hich  floats  upon  the  solution.  If  a  portion  ltn  ^  g0lu* 
solved  it  consists  of  oxide  of  mercury.  From  the  f  ^  ^  and 
tion  separate  the  lead  by  means  of  sulphuric  acid  it# 


after 


\  Prt 

settling,  filter,  and  mix  with  ammonia,  j 


tli* 


7 -  Fvap°n 

indicates  bismuth ;  a  blue  coloration  copper .  *  ^  f  * 

solution  completely,  add  some  acetic  acid  and  v  ‘  ' 

cipitate  the  copper  wTith  sulphuretted  hydrogen-  jxence  ^ 

present,  is  precipitated  as  sulphide  of  cadmium, <l 
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precipitate  has  to  be  treated  with  boiling  sulphuric  acid.  The 
sulphide  of  cadmium  is  dissolved,  while  sulphide  of  copper 
remains  undissolved.  If  the  alloy  contains  cadmium  yellow 
sulphide  of  cadmium  is  precipitated  from  the  filtrate  by  sul¬ 
phuretted  hydrogen. 

17.  Some  alloys  contain  arsenic,  it  being  also  found  as  an 
impurity  in  many  metals.  To  complete  the  analysis,  a  test 
tor  arsenic  must  therefore  be  made.  Marsh  s  appaiatu 
for  this  purpose.  It  consists  of  a  flask  a  (Fig.  Si),  in 


Fig.  34. 


zinc 


,  doped  {K,n  chemically  pUre  Zi 
'-Inch  hydrogen  gas  1S  ‘  c'  ,i(]  The  tube  c  ends  in  a  wide 

‘hd  dilute  pure  calcium  <=>‘Ioride  for  dr^ng 

'lass  tube  d,  which  is  ^gh  the  smaller  tubes,  running 
he  gas.  The  gas  <*<**  agh  the  funnel  4  a  few  drops  of 
o  a  point  at  /  If  ^  brought  into  the  apparatus,  he  flame 
he  metallic  ****»£  a  4fc-  coloration  if  the  solution  con- 
>f  hydrogen  wiU  *c<lU  „itc  smoke  of  arsenics  acid  w,U  rise 
.  .  y  ®  j,  and  «  v  hydrogen  formed  is  very  poisonous, 
ains  arson  ^  jjrs011iot  «  sufflcjent  to  cause  death.  If  a  piece 

iTw'bubhl-  depressed  upon  the  flame  it  wil,  acquire 

rf  glass  or  P°r° 
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place,  the  residue  consists  of  chloride  of  silver,  and  from  tlK, 
solution  the  silver  is  again  precipitated  as  chloride  of  silver  by 
nitric  acid.  A  black  residue,  insoluble  in  water  and  ammonia, 
consists  of  chlorine  and  mercury  (subchloride  of  mercury). 

15.  The  residue  which  remained  by  dissolving  in  nitric 
acid  is  warmed  in  aqua  regia.  If  a  white  insoluble  powder 
is  separated  it  generally  consists  of  chloride  of  silver,  more 
rarely  of  chloride  of  lead.  Though  silver  and  lead  by  them¬ 
selves  are  soluble  in  nitric  acid,  by  alloying  with  the  more 
noble  metals  they  are  frequently  protected  from  solution,  and 
may  be  contained  in  the  residue.  They  are  determined  ac¬ 
cording  to  14.  A  portion  of  the  solution  is  now  mixed  with 
ferrous  sulphate  solution.  A  fine  brownish  separation  con 
sists  of  metallic  gold.  A  yellow  precipitate  produced  b\  <d 
ammoniac  establishes  the  presence  of  platinum.  ^ 

If  the  residue  A  consists  of  a  white  powder  it  is  washed ' 
water  and  boiled  in  a  flask  with  tartaric  acid.  If  k  *s 
it  consists  of  oxide  of  antimony  ;  if  insoluble  it  confab  ^ 
16.  The  precipitate  C  (from  7)  obtained  with  sulphur^ 
hydrogen  contains  a  number  of  metallic  sulphides,  a  p  ^ 
°f  which — antimony,  arsenic,  tin,  gold,  platinum  b  di  ^ 
by  ammonium  sulphide.  The  residue  is  boiled  with  ^ 
nitric  acid  and  dissolves  thereby,  separating  fluky 
which  floats  upon  the  solution.  If  a  portion  remains 
solved  it  consists  of  oxide  of  mercury.  From  the  tihc 


,d 
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tion  separate  the  lead  by  means  of  sulphuric  acid  (se 
after  settling,  filter,  and  mix  with  ammonia.  A  pl  ^  fhe 
indicates  bisinuth;  a  blue  coloration  copper.  FXilI  ^  ^ 
solution  completely,  add  some  acetic  acid  and  water _  ji 
cipitate  the  copper  with  sulphuretted  hydrogen.  ( <!<  "  the 
present,  is  precipitated  as  sulphide  of  cadmium,  and  he 1 
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viptote  ha*  to  lie  treated  with  boiling  sulphuric  acid,  i  he 
piiife  of  cadmium  is  dMved,  while  sulphide  of  copper 
undissolved.  If  the  alloy  contains  cadmium  yeW/w 
;  </Uof  oidravvm  is  precipitated  from  the  filtrate  by  ~L; 
iretted  hydrogen. 

17.  Home  alloys  contain  arsenic,  it  being  also  found  a  ai 
parity  in  rnanv  metals.  To  complete  the  analysis,  a  test 
’  Msenie  must  therefore  Is*  made.  Marsh  fe 
‘*"1  for  this  purpose.  It  consists  of  a  flask 


Fig.  34. 
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,  The  g»s  cscape” ,  ’  uch  the  funnel  b  a  few  drops  of 
:  If  now  the  into  the  apparatus,  the  flame 

Jtaliic  BO coloration  if  the  solution  eon- 
Irogen  wi»  -1-  au.oke  of  arsenious  ae.d  w.U  nse 

ainic.  -a  ;  hydrogen  formed  is  very  P— 

Tbe  efficient  to  cause  death.  If  a  piece 

bubble*  of  a >  depree8ed  upon  the  flame  it  will  acquire 
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a  metallic  mirror  of  arsenic.  The  metallic  mirror,  however 
is  not  an  infallible  test,  since  antimony  produces  the  same 
phenomenon.  To  ascertain  whether  arsenic  or  antimony  has 
to  be  sought  for  in  the  metal,  drop  a  little  solution  of  calcium 
chloride  upon  the  metallic  mirror;  arsenic  is  immediately 


dissolved,  while  antimony  remains  unchanged. 

Testing  brass. — Evaporate  the  alloy  with  nitric  acid  to  dry¬ 
ness,  take  up  with  a  few  drops  of  nitric  acid  and  with  water, 
filter  the  residue  ( oxide  of  tin,  with  or  without  oxide  of  anti¬ 
mony),  precipitate  from  the  filtrate  lead  with  sulphuric  acid, 
from  the  filtrate  of  sulphate  of  lead  copper  with  sulphuretted 
hydrogen,  from  the  oxidized  filtrate  any  iron  present  by  am¬ 
monia  and  ammonium  chloride,  and  from  another  portion  ot 
the  filtrate  by  potash  lye  manganese  to  be  tested  with  saltpetn 
and  soda.  For  establishing  a  content  of  antimony  in  tin  'T 
rated  oxide  of  zinc  dissolve  the  latter  in  as  little  hydrochlor 
acid  as  possible,  bring  the  fluid  upon  a  platinum  sheet  an 
small  piece  of  zinc,  whereby  if  antimony  is  present  a  d  ’ 
brown  to  black  stain  is  formed.  In  the  absence  ot  tin 
presence  of  small  quantities  of  antimony  in  solution,  sUP^ 
saturate  the  solution  in  nitric  acid  with  potash  lye?  beat 
solution  of  potassium  bisulphide,  filter,  and  precipitate  fi  ^ 
the  filtrate  with  hydrochloric  acid  sulphide  of  antim011^ 
well  as  sulphide  of  arsenic  ;  dissolve  the  precipitate  in  f 
hydrochloric  acid  and  test  upon  a  platinum  sheet  wh 1  ^ 
for  antimony.  Dissolve  the  residue  (sulphide  of  arsenic 
uble  in  the  acid  in  a  little  hydrochloric  acid  and  P°t  ^ 
oiate,  heat  until  the  odor  of  chlorine  disappear  ‘  ^ 

or  arsenic  m  Marsh’s  apparatus,  Fig.  34.  A  content  o 
mUth  may  be  detected  by  dissolving  a  larger  quantity 
in  as  little  dilute  hydrochloric  acid  of  1.12  specific  g1®'1'" 
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possible,  heating  carefully,  filtering  off  separated  oxide  of  tin, 
precipitating  bismuth  from  the  filtrate  with  ammonia,  dissolv¬ 
ing  the  precipitate  in  greatly  dilute  hydrochloric  acid  and 
allowing  the  solution  to  fall  drop  by  drop  into  a  large  quan¬ 
tity  of  water,  whereby  a  white  turbidity  appears. 

Testing  Britannia  metal.  Good  qualities  of  Britannia  nutal, 
which  can  be  rolled,  contain  90  to  93  per  cent,  tin,  and,  at  the 
utmost,  10  per  cent,  antimony  and  0  to  3  per  cent,  coppe  , 
while  inferior  qualities  contain  less  than  3.3  pci 
Hence,  the  principal  point  would  be  the  determination  of  t  e 

content  of  tin.  For  the  purpose  of  testing  whether,  besi  es  in 

4.  with  nitric 

an<l  antimony,  other  metals  are  presen  ,  - 

acid>  super-saturate  with  ammonia,  add  other  metais 

»nd  heat.  If  the  resulting  solution  is  no 

ptesent  4Vw,  l.ronze  With  nitric  acid, 

resting  bronze.  Decompose  ^  water,  filter  off  the 

evaporate  to  dryness,  heat  the  «  ^  fea(J  means  of  aicohol 
tannic  acid,  separate  from  t  ie  i  filtrate  thereof  copper  by 
and  sulphuric  acid,  and  fion  fipgr,  add  to  the  filtrate, 

^eans  of  sulphuretted  hyd  ^  heating,  some  potassium 

heed  from  sulphuretted  hy?  ^^moma  in  excess,  and  from 
ehlorate,  precipitate  acctic  acid,  zinc  with  sulphuretted 

filtrate,  supersaturated  a 14  filtrate  thereof  with  ammonia 

hydrogen;  supersaturate  ammonium  sulphate.  A  test 

and  precipitate  Marsh’s  apparatus  by  dissolving  a 

for  arsenic  may  b®®*  acid,  with  addition  of  potassium 

sample  in  byd**>h‘  (hc  fluid  to  be  tested  until  the  chlorine 
-  rate  and  heftU"  very  sensitive  test  is,  according  to  Gutzeit, 
disappear  _  ,/inc  in  a  test  tube  hydrochloric  or  sul- 

p OU ^  .  ..  _  i.  kn  tootnrl  fur  ar&nnin  nlnsA  t.hf» 


PP  0ver  zinc  in  a  won  — 

s  :  P°ur  s0lution  to  be  tested  for  arsenic,  close  the 

■.a  add  1 
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mouth  of  the  tube  with  a  cotton  stopper,  place  filtering  paper 
over  the  latter  and  bring  upon  the  centre  of  the  paper  a  drop 
of  a  solution  of  nitrate  of  silver  in  equal  parts  of  water.  In 
the  presence  of  arsenic  the  moistened  place  acquires,  first  be¬ 
low  and  then  on  top,  a  lemon-yellow  color,  a  brown-black  ring 
being  at  the  same  time  formed  on  the  periphery,  which  grad¬ 
ually  extends  towards  the  centre  and  finally  disperses  the 
yellow  coloration.  In  the  presence  of  much  arsenic  the  yellow 
coloration  is  only  transitory.  Antimony  gives  only  a  dark 
brown-red  ring  on  the  periphery,  while  in  the  presence  oi 
much  antimony  the  interior  sp>ace  of  the  ring  appears  gray 
white.  To  detect  phosphorus  precipitate  from  the  solution  in 
aqua  regia,  copper  and  tin,  with  sulphuretted  hydrogen,  super 
saturate  the  filtrate  with  ammonia,  precipitate  iron,  zinc  and 
manganese  with  ammonium  sulphate,  and  from  the 
thereof,  ammonium-magnesium  phosphate  "with  ammoniuu 
chloride,  magnesium  chloride  and  ammonia. 

Testing  German  silver. — The  quality  of  German  sihc^ 
ing  dependent  on  the  content  of  nickel,  is  recognized  b) 
color,  a  yellowish  coloration  indicating  an  inferior  pi()d 
A  content  ot  arsenic  is  detected  by  dissolving  a  samph  0 
alloj  in  nitric  acid,  evaporating  with  sulphuric  acid  until 
nitiic  acid  is  expelled,  diluting  with  water  and  testing  ' 
Marsh’s  apparatus,  Fig.  34,  or  according  to  Gutzeit’s  metl^ 
given  above. 

To  test  gold™ re.— When  a  sample  of  the  alloy  cannot  * 
had  for  a  chemical  test,  the  touchstone  forms  a  convena® 
means  of  examination.  It  consists  of  a  species  of  black  bass 
obtained  chiefly  from  Silesia.  If  a  piece  of  gold  be  <l«"v" 
across  its  surface  a  golden  streak  is  left  which' is  not 
by  moistening  with  nitric  acid,  whilst  the  streak  left  by  ** 
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The 


or  any  similar  base  alloy  would  be  rapidly  dissolved.  Expe 
rience  enables  an  operator  to  determine  by  means  of  the 
touchstone  nearly  the  amount  of  gold  present  in  the  alloy , 
comparison  being  made  with  the  streaks  lett  by  alloy -s  of 
known  composition. 

Resistance  of  a  Few  Metals  and  Alloys  to  Calcium  Hydrate.— 
flings  and  turnings  of  the  metals  to  be  examined,  in  cjua 
of  77  grains,  were  left,  at  a  normal  temperature,  to 
it(tion  of  milk  of  lime  with  4  per  cent,  hydrate  foi  14  } 

were  then  separated  from  the  lime  solution  by  w  ^ 
l"lil  phenolpthaleine  showed  no  longer  a  red  coloratio 

aud  weighed.  The  results  were  as  follows : 

1-  “Saxonia  •>  pure  soft  lead  :  loss  of  weight,  0.811  per  cent. 

metal  was  considerably  attacked.  ull_ 

2-  Antimony  regulus :  the  metal  remained  entrre  3 

...  t  siag  lead):  loss  of  weight, 

Lead  pipe  (with  25  per  cen 

per  cent. ;  considerably  attacked  weight,  0.658 

4-  Lead  plate  (12  per  cent,  slag  lead);  ' 
cent. :  considerably  attacked  Q\4  per  cent. ;  very 

5.  Pure  east  iron :  increase  in  weight,  0. 

much  corroded.  g6  per  cent.  ;  considerably  at- 

8.  Brass :  loss  of  weigh  , 

^^k(3d.  l+pration- 

7.  Phosphor-bronze :  no ^  q  ^  per  oent. ;  the  metal  was 

8.  Pure  tin  '•  i°sS  „ 

but  little  attacked-  safely  be  concluded  that  fo. 

From  these  e  conveyanee  of  milk  of  lime  phosphor- 

pumps  intended,  for  ^  antimony  is  most  suitable 

bronze  or  an  /rom  ^./oil.-Treat  the  foil  with 

To  '  * 
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concentrated  sulphuric  acid ;  tin  is  dissolved,  while  lead  re¬ 
mains  undissolved. 

To  Test  Mercury  as  to  its  Purity. — Pour  nitric  acid  over  a 
drop  of  mercury  in  a  dish.  If  pure  the  mercury  moves  for  a 
moment  and  then  remains  quiet  and  motionless.  If  it  con¬ 
tains  foreign  metals  it  commences  at  once  a  vigorous  circular 
motion,  which  is  kept  up  until  the  mercury  is  completely  dis¬ 
solved. 

Tin  is  generally  tested  as  to  its  purity  by  breaking  it,  whereby 
it  gives  out  a  single,  crackling  sound  (the  cry  of  tin).  To 
recognize  the  nature  of  impurities  dissolve  a  sample  in  aqua 
regia  ;  arsenic  and  antimony  are  detected  by  Marsh’s  apparatus 
(see  p.  488).  Mix  another  portion  of  the  solution  with  pota>- 
sium  ferrocyanide :  a  white  precipitate  indicates  the  purity  of 
the  tin  ;  a  blue  precipitate  generally  the  presence  of  iron,  and 
a  red-brown  precipitate  that  of  copper.  Lead  may  be  detected 
by  the  addition  of  sulphuric  acid  or  Glauber’s  salt. 

Soft  Solders  are  tested  in  the  same  manner.  T  hey  dioul 
contain  only  tin  and  lead.  Some  soft  solders  contain  bismuth, 
which  is  detected  by  diluting  the  solution  (see  under  2,  p-  d ” 

To  Detect  Lead  in  Tin.— Make  a  solution  of  potassium  bichro¬ 
mate  in  water.  Next  apply  some  acetic  acid  to  the  tin  to 
tested,  which  will  produce  a  whitish  coating.  Then  aPl ■  * 
some  of  the  potassium  bichromate  solution,  and  if  the  v  hi 
coating  turns  yellow  the  tin  contains  lead,  and  the  more  t  e 
yellower  the  coating  becomes. 

White  metals  should  always  be  tested  with  Marsh  s  al  1 
atm,  I  ig.  34  jf  the  metallic  mirror  is  only  partially  ^ 

by  chloride  of  lime,  the  sample  contains  arsenU 

timony.  q  he  other  constituents  are  found  in  the  nian 
already  stated. 
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has  only  to  be  tested  for  copper,  iron  and  cobalt. 
Tie  manner  of  determining  copper  lias  been  given  under  o, 
^478.  Iron  can  be  recognized  by  its  reaction  with  potassium 
Arro-cyanide.  To  determine  the  presence  ot  cobalt ,  dissoh  e 
ibe metal  in  hydrochloric  acid,  dilute  the  solution  uith  Mater, 
md  write  with  a  clean  goose-quill  upon  a  strip  ot  m  hire  pa] 

After  drying  heat  the  writing  ;  if  it  appears  emeiald-gut  n  n 
'ftiegreen  the  solution  contains  cobalt.  1  or  etlu  i 
under  11,  p.  480. 


APPENDIX. 


COLORING  OF  ALLOYS. 

In  many  cases  alloys  are  provided  with  a  coating,  the  object 
being  either  to  increase  their  beauty  or  to  protect  them  from  oxi¬ 
dation  and  discoloration.  Articles  of  ordinary  alloys,  which  are 
not  to  be  exposed  to  the  fire,  are  frequently  only  provided  with  a 
coating  of  lacquer  consisting  usually  of  a  solution  of  shellac  in 
alcohol,  that  made  with  ‘  stick  lac  ’  ’  being  as  a  rule,  the  best.  The 
lacquer  may  be  colored  by  any  permanent  transparent  alcoholic 
solution  giving  the  desired  tint.  Dragon’s  blood,  red  sanders,  <r 
annotto  is  senerally  used  for  red,  and  gamboge,  sandarac,  saffroi, 
turmeric,  or  aloes  for  yellow;  these  coloring  matters  ma\  beie 
placed  by  aniline  colors.  In  applying  the  lacquer  care  should 
had  to  keep  the  article  to  be  lacquered  warm  and  of  unif°inl  * 
perature,  and  to  perform  the  work  as  quickly  and  smoothly  » 
possible.  Keep  the  lacquers  in  well-stoppered  bottles,  ^eS  J 
opaque  material.  For  use  pour  them  into  dishes  of  con' 
size,  and  apply  them  with  a  thin,  wide  flat  brush.  T  Ee  f°^ 
is  Graham’s*  table  of  lacquers:— 

*  Brass-Founder’s  Manual,  London,  188/. 
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Strong  simple. 
Simple  pale. 
Fine  pale. 


Plate  gold. 
Pale  yellow. 

Full  yellow. 
Gold. 


—  Deep  gold. 


__  Red. 

27  “ 

—  Tin  lacquer. 

—  Green,  for 

bronze. 


,  ra8S  with  good  fat  copal  lacquer, 
y  coating  articles  of  copper  oi  ‘  _  commences  to  smoke,  a 
heating  after  drving  until  t  u  ‘  ,•  jeg  as  well  as  the  tinning 

-  is  obtained  which  protects  th 

nst  the  action  of  acid  hquu  s.  ed  for  a  long  time  to  the 

Hides  of  copper  and  ul  brown  or  green  color,  whic 

on  of  the  air  acquire  a  handsome  appearance.  This 

siderably  contributes  *>  ble  rust)  otftOma. 

«  is  known  as  Aen*>  "f ts  by  means  of  winch  a  layer  of 

hough  there  are  many  f?he  bronze,  the  coating  thus  obtained 

In  he  produced  and  durability,  with  the  gen- 


,  atTna  r,ting  similar  to  genume  patina,  is  is  rec- 

Idlr  to  obtain  a  «^£rl  as  possible  the  same  course  by 
ended  to  P«rsue  u.r  formed.  By  the  action  of  the  rain, 

the  la 
alwa: 
on,  th 

;d  UP?11 
d  by 

arbooat 


,  obtain  ^nrlv  as  possioie  me  * 

tided  to  PurSUJurallv  formed.  By  the  action  of  the  rain, 
ftr  latter  is  *atf though  in  very  minute  quantity,  in 
Uvavs  contains  -attacked  and  basic  galts  of  copper  are 

the  c°PPer  which  in  the  course  of  time  are  con- 
on  the.  *nToi  the  carbonic  acid  of  the  air  into  basic  cop- 
by  tllC  a°The  latter  has  a  beautiful  green  color  and  is  found 

innate- 
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in  nature  as  malachite.  But  besides  this  process  others  also 
place  upon  the  surface  of  the  article,  especially  upon  that  of 
monuments  erected  in  large  cities.  The  air  of  the  latter  is  con¬ 
stantly  charged  with  certain  quantities  of  sulphur  combinations 
originating  partially  from  the  putrefaction  of  excrements,  etc.,  in 
the  sewers  and  partially  from  the  combustion  of  coal  containing  sul¬ 
phur.  Now  copper  being  very  sensible  to  the  action  of  sulphuretted 
hydrogen,  a  coating  of  black  cupric  sulphide  is  consequently  formed 
upon  the  surface  of  the  object,  which  explains  why  bronze  statues 
erected  in  large  cities  frequently  turn  black.  Dust  and  tine  parti¬ 
cles  of  soot,  which  deposit  themselves  especially  in  the  depressions 
on  the  objects,  further  contribute  to  their  becoming  black.  Cupnc 
sulphide  has,  however,  the  property  of  becoming  rapidly  convert 
in  the  air  into  copper  sulphate,  from  which  is  again  formed  coppc 
carbonate,  or,  so  to  say,  a  coating  of  malachite.  Genuine 
especially  that  observed  on  very  antique  statues,  consist., 
fore,  of  a  very  firmly  adhering  coating  of  malachite.  over 

To  produce  upon  a  statue  a  patina-like  deposit, 
with  a  very  dilute  solution  of  cupric  nitrate  to  which  *l  ^  j3 
titv  of  common  salt  solution  may  be  added.  ^  ^ 

entirely  dry,  brush  it  with  a  fluid  consisting  of  10  ^  and 

vinegar,  5  parts  of  sal  ammoniac,  and  1  part  of  °xa^  ^treat- 
repeat  the  application  after  drying.  In  consequence^^  ^  greeD' 
ment  the  statue  in  the  course  of  about  one  week  act 
brown  color  resembling  that  of  genuine  patina.  rt>nUine  pat^j 
A  finer  coating,  which  more  closely  resemb  es  »  — intion 

is,  however,  obtained  by  dipping  the 

-  “  *  jjgti 


A  finer  coating,  which  more  closely  resem  ®^e  gob--  j 
is,  however,  obtained  by  dipping  the  article  m  •’  quaIlt’|-'f 
cupric  nitrate,  and  placing  it  in  a  room  ^htie  '<  ^  a  did'  ^ 

carbonic  acid  is  developed,  the  fermenting  r0°  .  ^jgh  F"1  . 


being  especially  adapted  for  this  purpose,  ?in<n  ^  greeI' 
ature  prevailing  therein  promotes  the  form ‘bn  day  ^(01- 

ing.  The  progress  can  in  this  case  be  w  at<  ie  ,  the  deS'r  $ 
and  if  in  about  a  week  the  statue  has  not  gob1*’0' 

oration,  the  application  of  the  above-men1  tird  lS  ° 
peated,  this  being  continued  until  the  do-11  .  llS 
The  formation  of  the  patina  under  these  con^eaUtiful  en( 
a  similar  manner  as  in  the  open  air,  a  way 


coating  is  obtained.  atilia 

For  coating  articles  of  brass  with  a  gl0C  11  1 


jv 11 
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Prepared  by  dissolving  10  parts  of  copper  in  20  pai  ts  of  nitric  aci  , 
liming  the  solution  with  150  parts  of  vinegar  and  adding  5  pa  t 
){ sal  ammoniac.  Allow  the  articles  to  stand  a  j 

iir,  and  when  a  green  coloration  has  made  its  appearar  c .  , 
them  with  old  linseed  oil  and  after  a  few  days  rub  them  wi 
woolen  rag.  If  after  the  application  of  the  linseu  01 

rfly  bronzes,  a  very  Patina 

There  are  several  methods  of  giving  an  g  heating 

to  medals.  It  is,  however,  most  readily  accomp  is  p0 

the  medal  in  a  spirit  flame  and  then  brushing  ^  ^  c>q  p.vrts  of 
ttolor  a  number  of  medals  at  the  same  time  (  *  ^  vinegar,  and 

verdigris  and  30  parts  of  sal  ammoniac  in  1  P  longer  formed. 
add  water  to  the  solution  until  a  precipitate  the  bottom  of 

Seethe  medals  without  touching  each  ot  icr  i  and  allow 

a shallow  dish,  pour  the  boiling  hot  so  n  1  desired  tint,  "hie 
djem  to  remain  until  they  have  acquire '  ^ 

'hould  be  a  fine  brown.  .  ,  commerce 

(}jPPer  articles  before  being  brought 1  J^uced  by  PolJ"  a  "te 
"rally  a  brown  coloration,  which  lS  coatjng  them  some 

articles  with  pumice  stone  and  *bfoarh  »*  C0lff^ia«re  until 
Spared  from  5  parts  of  verdigd^  heated  °'  el  ,  color.  I* 
l*k  vinegar.  The  article*  are  ^  aoqUired  sM  ^  articles  arc 
coating  is  entirely  dry  and  ■  and  ^  quantity 

,he>>  removed  by  washing  "->‘h  w;th  a  vc>  aPply1"® 

****  bright  with  a  rag  also  fire,  and  ren.ov- 

tall«w.  A  beautiful  brow"  co  0vc  it  bright 

p^te  of  colcothar  and  *»ffl ’  consists  and  brushing 

Ul§  the  coat  by  rubbing-  co]?Ve  x  a  c°lX\  \V  copper  5  parts, 

Another  metliod  of  br«"  ^[0ngV  acet“,  *'  .ater  85.  Finally 
"'til  glass  paper,  heating  Cr ysWp  distilled  0f  oil  of 

•tth  the  following  solutt^  „c.d  ^  c,  «aa 
•»>  ammoniac  7,  d»«te  ‘,ion  °f  .  ffSolotions:  (a)  Solution 

r“b  the  article  with  *  s°  foU<>w'”®40  parts,  corrosive  sub- 

inrpentine.  ,.,,r01'!'rC„|..i‘-'hl‘^  Ju,„ing  nitric  acid  8  pars, 

To  hmm  q« *-har[t  W  *1 3  Potassium  sulph.de  10  part, 

of  ferric  chioride  &* eoVV^  Mj  °  wice  or  three  times  to  the 

bfuatc  8  parts,  *’  “  go  P“  so'u  ' 
and  distilled  AP>’15 

distilled  water  • 
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polished  barrel  by  means  of  a  sponge  or  soft  brush,  placing  it 
after  each  application  in  a  cool  room  in  order  to  retard  drying,  and 
brush  it  thoroughly  before  each  new  application  with  a  steel  wire 
brush  (scratch  brush).  When  the  barrel  appears  dark  enough 
place  it  for  20  to  30  minutes  in  the  bath  6,  and  after  taking  it  out 
wash  with  warm  water  and  next  with  soap  water.  The  dry  barrel 


is  finally  rubbed  with  linseed-oil  varnish. 

For  another  method  the  following  baths  are  prepared:  (a) 
Fuming  nitric  acid  2  parts,  distilled  wrater  98.  (6)  Nitrate  of 

silver  1  part,  distilled  water  99.  The  polished  barrel  is  brushed 
over  with  a,  and  treated  with  the  scratch  brush  in  the  same  man¬ 
ner  as  described  in  the  preceding  process  until  a  beautiful  layer  of 
oxide  is  formed.  It  is  then  thoroughly  cleansed  with  the  scratch 
brush  and  the  bath  b  applied  until  it  is  sufficiently  dark,  and 
finally  rubbed  with  linseed-oil  varnish. 

The  new  bronze  upon  French  bronze  figures  shows  all  shades  <> 
pale  or  clay  yellow  to  red  brown  and  of  red  to  dark  and  blac ' 
brown.  It  has  a  bronze-like  appearance  and  adheres  tightly  t 
the  metal;  i.  e.,  is  chemically7  combined  with  it.  1o  produce 
colorations,  solutions  of  sulphur,  combinations  of  arsenic  an  ** 
mony  have  been  successfully  used.  After  chasing  and  ^ 
the  article  must  be  subjected  to  a  thorough  washing  w  hh  "  a  ’  J  or 
otherwise  every  trace  of  acid  left  behind  will  later  on  in ; 1 
bronzing  penetrate  through  the  seams  and  produce  inch  i  ^ 
and  stains.  The  drying  of  the  article  must  also  be  done 
greatest  care.  For  applying  the  solutions  a  tuft  ol  co  applv* 
close  brush  is  used.  The  work  is  best  commenced  by  ^  aSpos- 
ing  a  dilute  solution  of  ammonium  bisulphide  as  sl>aI^J^e  ofle 
sible,  brushing  over  a  certain  limited  portion  of  tin  bedel 

time.  The  quicker  and  more  uniformly  this  is  01\  pie  sal' 
and  more  beautiful  the  bronzing  will  be.  After  dr^  *lpbide  °f 
phur  separated  out  is  brushed  off  and  a  solution  (  ^  si111^ 

arsenic  in  ammonia  applied,  the  result  being  a  color*.  of 
to  massive  gold.  The  oftener  this  solution  of  sulPlmdark  bro"1' 
ls  aPPhed  the  browner  the  color  becomes,  and  a  ' 1  *•  ,sellic  ia 
Can  finally  obtained  by7  a  solution  of  sulphide  °  ‘  upni°n'. , 
nionium  bisulphide.  By  solutions  of  sulphide  0  ^  redd’ 

ammonia  or  ammonium  sulphide  the  coloration  K  aS 
eing  possible  to  produce  the  most  delicate  io-( 
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k  deepest  dark  red.  By  nibbing  certain  portions  somewhat 
m  strongly  a  very  fine  metallic  lustre  is  produced.  Ammonia 
t  ammonium  sulphide  redissolves  the  bronzing,  so  that  p  ace. 
not  thoroughly  colored  can  be  improved,  though  in  such  case  it  l 
better  to  rub  off  the  entire  figure  with  ammonium  sulphide.  n 
the  same  manner  as  the  solutions  in  ammonia  or  ammonium 
phide,  those  in  hydrate  or  sulphide  of  potassium  01  sodium  can 
also  be  used,  the  latter  being  in  some  cases  c\en  more  a 
tageous.  By  pickling  the  figure  the  color  of  the  bronze  *s.c  ’ 

■  a  easting  of  bronze  or  brass  is  left  too  lung  in  the  P1C  ^  ’ 

®etal  becomes  coated  with  a  greenish-gray  iihu,  w'hic  1  r  , 
with  a  cloth  rag  becomes  lustrous  and  adheres  him  >  •  ** 

ment  with  the  above  metallic  sulphides  this  coating  accp 

'lull-yellow  coloration.  ,  coition  and 

ham’s  bronzing  liquids*  have  a  great  range  of  con 

"Application  as  follows: — 

I.  For  brass  (by  simple  immersion ). 


Brown,  and 
every  shade 
to  black. 

•4  44 

Brown,  and 
every  shade 
to  red. 

44  44 

Brownish-red. 
14  44 

Park  brown. 
Yellow  to  red. 
Orange. 
Olive-green. 

8lftte. 

Blue. 

Steel-gray. 

Black. 


,  vr ,  5  the  liquid  must  bo  brought  «<> '»'■> 
u  the  P-J-SKW  -  ~  7  "S*  — not  be 

l  cooled.  ^  1$nv^.Foumlcr-8  Manual,  London,  188/. 
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under  ISO0  F.  No.  6  is  slow  in  action,  sometimes  taking  an  hour 
to  give  good  results.  The  action  of  the  others  is  usually 

immediate. 


0) 


XI.  For  copper  ( by  simple  immersion ). 


Water. 

Nitrate  of  iron. 

Sulphate  of  copper. 

Sulphide  of  anti¬ 
mony. 

Sulphur. 

Muriate  of  arsenic. 

 “ 

j  Pearlash. 

Sulphocyanide  of 
potassium. 

Hyposulphite  of 
soda. 

Hydrochloric  acid. 

pt. 

dr. 

oz. 

dr. 
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oz.  dr. 
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Brown,  and  every  shade  to 
rk  brown-drab,  [black 
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-gray,  at  ISO  F. 
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,,v  or  black  combinations  with  sulphur  is  utilized.  For  gray  dip 
^'article  first  into  a  very  dilute  solution  of  acetate  of  lead,  or  tor 
fct  into  a  solution  of  sulphate  of  copper,  and  after  drying  lnt"  a 

hot  dilute  solution  of  hyposulphite  of  soda. 

By  using  the  solutions  in  a  very  dilute  state  the  aitic  es  <l(  1  1 

a  peculiar,  iridescent  appearance  similar  to  soap-bubb  cs,  anc 
fa  due  to  the  same  cause.  It  is  well  known  from  the ■*««**“* 
of  physics  that  many  bodies  show,  when  in  \ci\  t 1111  ^  1S  also 
peculiar  color-phenomenon  termed  iridescence,  <m<  0f 

produced  by  a  very  thin  layer  of  sulphide  of  ««w  oi  ^  dilute 
copper.  By  repeating  the  treatment  of  thcaitice  ^  violet 
■"lutions,  the  iridescence  passes  into  a  ret  >  n  ^  j?or  the  pro¬ 
curation.  It  is  impossible  to  give  exact  P1(T .  ^on  depending 

Auction  of  these  colors,  the  success  of  t  1( 

larSdy  on  the  skill  of  the  operator.  .  cent  coatings  can 

Very  beautiful,  but  not  very  permanent,  n  *  ^  of  a  heavy 
e  Produced  by  placing  the  bright  nie  touching  it  f°r 

^  decomposable  by  the  "’taking  it 

ont  with  the  negative  pole  of  t  n.  ap  the  colors  t  , 

If  and  drvi™  The  metal  will  sh?W+  n  must  be  protect^ 

)w 


octal 
n°uient 

»8«ff  and  drying.  The  metal  wiH  sh^t7t  must  be  ; 

*».  but  the  coating  is  so  deli*  *  into  a  quu*-dru.  « 

'"'roiiately  dipping  the  article  a  brass  with 

larnish.  .  i*ng  sm^11  al^ic. e  fance  used  to 

^  i?  Tirovidiufc  .  for  instance, 

biere  are  many  means  ot  1  i(js  being)  buttons.  For  a 
a  coating  of  one  color,  various  ,or  up01*  1  v  fevv  seconds  in  a 

l'f"'luee  determined  shades  o  ^  dipPe<*  ‘  ,ution  of  acetate  of 
golden  yellow,  the  but  *>  -  {rom  »c"  ;  peatedly  dipping 

KfeUv  neutral  absolutely  „roduced  by^  !,nd  drying  after 

typer 


ibsolutely  «r;^“H,!:breaPud' 'drying  after 

Ppcr.  A  qray-cjreeii  sb^fechloride  c  heating  the  butmij^  <> 

temperature  at  ''  11  tto«  <*«’>’  po89essed  by  many 

with  a  tuft  of  ifd  gold'ol  I  bc  u8e(J.  nis. 

ydrochloric  acrd-.^^  o{  ,l.e  foUoW,ng  pr  ^  of  milu  8Ugar  in 

For  the  proib  t_  ,a  and  •  nfteen  minutes,  an 


For  the  produc  tn  ^  flnd  x-  fifteen  minutes,  and 

^nch  articles  °  -  the  e°  u  ^  u  i#4i  ounces  of  cold 


tor  nitcd*  — 7 

i  -  ices  oi  -Wl  the  soh|  with  1.41  ounces  of  cold 

Ive  1.76  °auCC.,+cr-  Pftr0  comP°un 


t  cr# 

.11  pints  °*  To  mthe 
ft(*r  taking  lt 


32 
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concentrated  solution  of  sulphate  of  copper.  The  red  precipitate 
of  cuprous  oxide,  which  is  immediately  formed,  deposits  on  cool- 
ing  upon  the  bottom  of  the  vessel.  The  polished  articles  resting 
upon  a  wooden  sieve  are  then  placed  in  the  vessel  containing  the 
solution.  After  about  a  minute  the  sieve  is  taken  out  in  order  to 
ascertain  how  far  the  operation  has  progressed;  it  is  then  replaced, 
and  at  the  end  of  the  second  minute  the  golden  color  is  generally 
dark  enough.  The  sieve  is  then  taken  out,  and  the  articles  after 
washing  dried  in  saw -dust.  By  allowing  the  articles  to  remain  for 

a  longer  time  in  the  solution  they  acquire  in  a  short  time  a  greenish 
tint,  which  soon  becomes  yellow  and  then  bluish-green,  until 
finally  the  iridescent  colors  are  formed.  In  order  to  obtain  a  uniform 
coloration  it  is  necessary  to  produce  the  color  slowly,  which  is  best 
attained  at  a  temperature  of  from  132°  to  130°  F.  The  bath  can 
be  repeatedly  used  and  kept  for  a  long  time  in  well-stoppeie 
bottles.  If  partially  exhausted,  it  can  be  restored  bv  an  a  <- 1  ^ 
of  5.64  drachms  of  caustic  soda,  sufficient  water  to  replace  t 
by  evaporation,  heating  to  the  boiling  point,  and  finally 
14.11  drachms  of  cold  solution  of  sulphate  of  coppci-  ^^,g. 

To  produce  a  beautiful  silver  color  upon  brass  proceed  0f 

Dissolve  in  a  well-glazed  vessel  1^  ounces  of  pulceiizec  ^  jjot 
tartar  and  2.25  drachms  of  tartar  emetic  in  2.  H  aCid, 
water,  and  add  to  the  solution  If  ounces  of  by  choc  i ^  oUljce 
ounces  of  granulated,  or,  still  better,  pulverized  tin,  ^ 
of  pulverized  antimony.  Dip  the  article  to  be  (0<l  „uart£rt0 
solution  heated  to  the  boiling  point.  After  boiliu&  0  ^  pjgtro^ 
one-half  hour,  they  will  be  provided  with  a  be* 


coating  which  is  hard  and  durable. 


u  iut;u  1ft  IlclIXl  HUAI  uuniuic*  . ,  n  dracb^8 

Browning  liquid  for  copper. — Add  acetic  acic  '  ^  into 

spirit  of  sal  ammoniac  until  blue  litmus  paPe  1  '*|r 

liquid  turns  red.  Then  add  drachms  of  s*  '  tb«fl  °. 
sufficient  water  to  make  2.11  pints.  M  ith  thc  ■  1  after 
tained  repeatedly  moisten  the  copper  surfaces,  rU 
application  until  the  desired  brown  tint  is  piodu  |,pe 

Bor  coloring  brass  Ebermayer,  of  Nurnbeig?  b1  .^t? 

directions:  (1)  8  parts  of  sulphate  of  coppci?  ‘  c  (2)  *  ^ 
and  100  of  water  give  by  boiling  a  greenish  co  o  -  ^  0l  ^ 
of  potassium  chlorate,  10  of  sulphate  of  copp<*»  ‘  0  coD1’ 

bi'e  by  boiling  a  brown-orange  to  cinnamon 


of 


APPENDIX. 


499 


Bv  dissolving  8  parts  of  sulphate  of  copper  in  100  of  atei ,  an 
adding  about  100  parts  of  caustic  soda  until  precipitate  is  forme  , 
and  boiling  the  articles  in  the  solution,  they  acquire  a  gieems  i 
brown  color,  which  can  be  made  darker  by  the  addition  o  c  o 
cothar.  (4)  With  50  parts  of  caustic  soda,  50  of  sulphide  ot  an  i- 
niony,  and  500  of  water,  and  boiling,  a  light  fig-biown  coloi  is 
toed.  (5)  Boil  29  parts  of  sulphate  of  copper,  20  of  hyposu  p  no 
of  soda,  and  10  of  cream  of  tartar  in  400  of  water.  \e  >r‘  ~ 
first  acquires  a  rose  color  and  then  a  blue  color.  }  ac  f  1  ^ 
parts  of  ammonio-ferric  sulphate  and  20  of  hvposu  p  n  e  ’ 

the  colors  change  from  yellow  to  rose  beautiful 

latter  yellow  makes  again  its  appeaiance,  <  i  m  chlorate, 

P»y  is  formed.  (6)  400  parts  of  water,  20  of  pot.  ■  n 

and  10  of  nickel  salt  give,  after  boiling  01  freely  pickled. 

.  ^  ^  *  hlorate,  2  of  carbonate  of 

: 1  250  P«ts  of  water,  5  of  potassium  c  ’  ’  for  gome  time,  a 

“ckd>  and  5  of  nickel  salt  give,  °d.  (8)  250  parts 

^own-yellow  color  playing  into  a  m  »  ^  njckel  salt  give  a 

°i  water,  5  of  potassium  chlorate,  ant  5  0f  orpiment,  and 

beautiful  dark  brown.  (9)  250  par  s  o  j  ^  which  passes 

10  of  crystallized  soda  give  at  firs  »  becomes  white.  (10) 

into  blue,  then  into  pale  blue,  an  ^  su]phate  of  copper,  aiu  o 
^oO  parts  of  water,  5  of  nicke  sa  ’  ring  yellow-brown  co 

of  potasssum  chlorate  give  a  ^ ^ ^lphur,  and  5 >  of  *— m 
(U)  100  parts  of  water,  1  <>  -n  a  closed  vessel  final  y  <  \ 

d'be  articles  being  allow  e<  0  soldering 

beautiful  giving  ^ 

Coloring  of  soft  sold  •  the  latter,  PreP  ®  tQ  the  solder.  By 
copper  the  same  co\  q{  copper  *nd  apl^eel  wife  the  lattcr  be- 
bon  of  pure  sulp  ‘  r  with  an  iroi  be  augmented  as 

then  touching  a  film  of  copp^’nb  with  the  solution  of  sul- 

comes  covered  w  ^  repeated  ^  wire  If  the  soldering  is  to 

much  as  desu  r  ^  touching  w  ^  solution  of  sulphate 

^atC  fellow  color,  of  sulphate  of  copper,  apply  the 

Show  a  2  parts  of  so  and  rub  thc  latter  with  a  zinc  rod. 

of  zinc  wj  e  copPer?‘  1  be  ilded,  copper  it  as  above  described, 

of  gum  or  isinglass,  and  strew  bronze 

then  corf  lt  W1 
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powder  upon  it.  This  forms  a  surface  which,  when  the  gum  is 
dry,  can  be  polished. 

Bronzing  of  copper,  bronze-metal  and  brass.— mack  bronzing  is 
produced  by  brushing  the  metals  with  dilute  nitric  acid  containing 
a  small  quantity  of  silver  in  solution,  and  blazing  off  over  the  fire. 
This  operation  is  repeated  if  after  again  brushing  the  articles  with 
the  acid  and  blazing  off,  the  color  is  not  sufficiently  deep.  Nitric 
acid  which  has  been  used  for  dissolving  fine  silver  and  then 
poured  off  is  most  suitable  for  the  purpose.  A  bismuth  solution 
may  also  be  used  for  coloring  the  above  mentioned  black;  after  the 
operation  they  are  coated  with  lacquer.  Brass  may  be  bronzed 
black  as  follows:  Dissolve  copper  in  an  excess  of  nitric  acid,  dilute 
the  resulting  liquid  with  a  large  quantity  of  rain  water,  apply  it  to 
the  warmed  brass,  allow  to  dry  in  a  warm  place,  and  finally  rub 
with  a  brush  or  with  leather.  Or  amalgamate  the  brass  by  bruM 
ing  it  with  solution  of  mercurous  nitrate,  and  conveit  the  mercury 
upon  the  surface  into  black  sulphide  of  mercury  by  potassium 

sulphide  solution.  , 

Brown  bronze  color  is  produced  in  the  same  mannei  as  > 
only  besides  silver  the  nitric  acid  must  contain  coppei.  An(  ^ 
method  is  as  follows:  Dissolve  1  oz.  of  sal  ammoniac  and  ; 
oxalic  acid  in  ^  pint  of  water  and  brush  the  metal  se\eia  ^ 
with  the  solution.  Sulphuretted  hydrogen  will  also  P10t  ^ 
brown  color.  Dissolve  liver  of  sulphur  in  30  parts  of  "‘^’j^ter 
the  solution  into  shallow  earthen-ware  vessels  and  phu^  t ie  , 

•  *  i  +A  bp  bron^c 

in  a  room  protected  from  draught.  Put  the  articles  ^  li¬ 

near  the  vessels.  The  object  is  still  more  rapidly  *r  0{  liver 
placing  the  articles  over  the  vessels  containing  the  sulp  11  for 
solution.  This  method  of  bronzing  is  especially  811  .inll0t  be 
articles  soldered  with  soft  solder  which  for  that  reason 
exposed  to  the  fire.  ^  p1>uSbi^ 

Red  brown  or  copper  brown  upon  capper  is  produced  pii*' 

the  articles  with  a  paste-like  bronze  consisting  of  a  tn  u  ^  s0me 
ture  of  horn  shavings  1  part,  verdigris  4,  colcothai 
vinegar,  or  by  placing  them  in  a  liquid  bronze  pu‘Palt  .  vjne'£!l1. 
Boil  a  solution  of  verdigris  2  parts,  and  sal  ammoniac  ^  off  tK 
remove  the  scum,  dilute  with  water,  allow  to  settle ,  1  quick- 
supernatant  liquid,  boil  again  in  a  porcelain  dish  a  ^  ^ 
pour  it  over  the  copper  articles.  The  liquid  sh» 
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dilated,  the  metallic  articles  £ 

rLelnttheC  brougM  to  the  boiling  point;  finally  rinse  in 

clean  water.  Dissolve  a  mixture  of 

Green  bronze  color  is  produced  as  '  ■  •  0  jn  \  pint  of 

sal  ammoniac  argol  1  oz.,  and  common  -  titrate  solution, 
vinegar.  To  this  solution  add  2f  ozs.  of  cupric  mt 

brush  the  articles  with  the  resulting  bqmd  and  allow  . 


Recovery  of  We  Meta! s.  .  *  ^  ld 

Gold.  Besides  dust,  the  sweepings  ^her  metals 

orkers’  shops  contain  gold  and  ^1'<1  ‘  ,1  goid  and  silver 

loved  with  the  gold  or  silver.  To  obtain  g 

roceed  as  follows:  *  ,nrae  saltpetre  in  a  red 

Burn  the  sweepings  with  the  a<  <■  i  n  1  jry  it,  and  melt  it 

ot  crucible,  lixiviate  the  residue  \\i !  !dl.ated  borax.  Dissolve  t  ie 
ith  an  addition  of  2  per  cent,  of  deh  ‘  The  precipitate 

metallic  mass  thus  obtained  m  1  and  is  woikcc  n1 

ormed  thereby  consists  of  cblon  e  evaporated  mi  i 

iWer.  The  solution  in  aqua  regia  with  water  and 

commences  to  become  viscou^  he  fluid  whereby  t  e  | 

i  bright  sheet  of  copper  immersed  ^  po,vder  which  is  AKer 

solution  separates  in  the  orj^^  with  a  small  *luanT^  precipitate 
)ff>  washed,  dried,  anc  chemically  Pure  ^ed  thoroughly 

the  product  obtained  »  ed  above,  is  Water  compounded 

of  chloride  of  silveand  brought  into  a  vessel  ^  over  it  and  a 
washed  with  waf  hydrochloric _ac id  •  £e  time  the  chloride 

’•  "h  10  per  cent,  of  n>  the  fluid.  A«  of  metallic  silver, 

et  of  zinc  imp^Jon verted  int°  p  gl  distflied  water,  dried,  and 

diver  is  thereby  cm  ^aghed  with  cn 

Altered  oft>  ,,+itV  of  borax.  .  . 

all  q^rCorkmen  i 


ich  is  filterG<J ftii  quantity  of  b^'in  gold-workers’  shops  for 
Ited  with  a  sn  py  the  ",<n'  id  and  silver.  The  water  is 
Hie  water  ttShftnd0  contains  ^  ^  drawn  off  from  the  sedi- 
sliing  tank  and  of  the  latter  has  accumulated. 


shing  and  from  Q£  the  latter  has  accumulated, 

Lected  in  11  ‘  0Ufficient  qr  a  .  of  saltpetre,  the 

nt.  Thofcn  ctblc,  washed  with  water,  dried, 

:,d^P«^a"maU  Entity  of  borax.  The  metal, ic  mass 

lCltea  "ll 
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thus  obtained  is  treated  in  the  same  manner  as  that  from  the 

^ToTthe  recovery  of  gold  from  coloring  baths  a  solution  of  2  parts  by 
weight  of  ferrous  sulphate  (green  vitriol)  in  18  parts  by  weight  of 
hot  water  may  be  used.  The  waste  water  as  well  as  the  exhausted 
coloring  salts  should  be  preserved  in  a  large  stone-ware  jar  kept  for 
the  purpose.  Add  the  solution  of  ferrous  sulphate  to  the  contents 
of  the  jar  and  stir  well,  when  the  gold  will  begin  to  precipitate. 
Repeat  this  each  time  after  coloring,  and  as  the  jar  becomes  full 
add  a  little  more  ferrous  sulphate  and  thoroughly  stir  the  contents. 
If  this  produces  no  effect  upon  the  solution,  the  gold  has  all  been 
precipitated.  Now  allow  to  settle,  and  then  draw  off  the  superna¬ 
tant  water,  being  very  careful  not  to  disturb  the  precipitate,  which 
forms  a  dark  spongy  mass  at  the  bottom.  Wash  the  precipitate 
several  times  with  hot  water  to  free  it  from  every  trace  of  acid, 
then  dry  it  in  an  iron  vessel  and  then  fuse  it  in  a  coveied  ciuci 
with  a  flux,  which  for  1  lb.  of  prepared  sediment  consists  of  cai^ 
bonate  of  potash  8  ozs.,  common  salt  4  ozs.,  common  bottle  r‘ 

4  ozs.  Reduce  all  the  ingredients  to  a  fine  powder  and  mix  t 
well  together.  In  order  to  effect  a  complete  reduction  of  tin  r 
great  heat  is  required.  #  *  -is 

According  to  Boettger  gold  may  be  recovered  from  aw  if10  •  ^ 

by  the  following  process:  Heat  the  fluid  in  a  porcelain 
the  boiling  point  and  then  mix  it  with  a  sodium  stannatc  so 
Keep  the  mixture  boiling  until  all  the  gold — in  combination^^ 
tin— is  separated  in  the  form  of  a  fine  precipitate  of  an  »  ^ 

black  color.  This  precipitate  is  washed  and  then  ^u\^ure0f 
aqua  regia.  The  solution  thus  obtained  consists  of  a  m1'  ^  ^ie 
chloride  of  gold  and  chloride  of  tin.  By  slightly  e\  1  gjcicat 
solution,  diluting  with  distilled  water,  mixing  with  ^ 
quantity  of  potassium  and  sodium  tartrate  (Roche  1  c  ^  ^ery 
heating,  every  trace  of  gold  is  precipitated  in  the  f01*111.^ 
delicate,  brownish  powder,  while  the  tin  remains  in  s°  ?olutio» 
Recovery  of  gold  from  old  cyanide  solutions.  Evapoiab  .^jnlatd) 
to  dryness,  reduce  the  residue  to  a  fine  powder,  mix  1  ^gC  at;1 
^ith  an  equal  weight  of  litharge  (oxide  of  lead),  il  j  all°h 
strong  heat.  From  the  resulting  button  of  gold  am  jjnir? 
ie  lead  is  extracted  by  warm  nitric  acid,  the 
)(  und  as  a  loose,  spongy  mass. 
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Bv  the  wet  proem  the  gold  may  be  recovered  from  old  cyanide 
solutions  as  follows:  Acidulate  the  solution,  which  contains  gold, 
silver  and  copper,  with  hydrochloric  acid,  "heie  y  tooeyan 
acid  is  disengaged.  This  gas  being  extremely  poisonous,  t  e 
operation  should  be  carried  on  in  the  open  air,  01  w  ere  e  .  , 

good  draught  or  ventilation  to  carry  off  the  fumes.  -  pretip 
consisting  of  the  cyanides  of  gold  and  copper  and  chloin  eo 
is  formed.  This  is  well  washed  and  boiled  in  aqua  regia,  w  ici  y 
the  gold  and  copper  are  dissolved  as  chlorides,  u  11  ( 
of  silver  is  left  behind.  The  solution  containing  .the  go  <•  a 
per  is  evaporated  nearly  to  dryness  in  ordei  to  remote  _  and 
of  acid,  the  residue  is  dissolved  in  a  small  quantity  o  ’ 

the  gold  precipitated  therefrom  as  a  brown 
addition  of  ferrous  sulphate  (green  vitno  J* 

m  solution.  •  i  excellent  agent 

finely  divided  zinc— so-called  zinc  dust  •  •  ^  ;de  solu. 
tot  Precipitating  gold  in  a  pulverulent  arm  *  ilding  bath  and 
dons.  By  adding  zinc  dust  to  an  ex  <  aq  the  gold  is 

thoroughly  shaking  or  stirring  from„t“n“  antity  of  zinc  required 
Precipitated  in  two  or  three  days.  1  the  quantity  of  goto 

h»r  the  precipitation  depends  of  J  °U  at  the  utmost  1  Id.  of  zim 
Present,  but,  generally  speaking,  -j,  exhausted  gilding  u 

(lust  will  be  required  for  100  Ou^aghedj  treated  first  with  ^  ^ 
^he  pulverulent  gold  obtainec  1S^  z-nC.dust,  and  next  am 

chloric  acid  to  remove  adh®n*V  er>  A  .  .  gilver 

acid  to  free  it  from  silv^  ^e  the  alloy  or  metal  con^  golution 

Separating  silver.  n+itv  of  nitric  aci<  •  “  cylinder 

in  the  least  possible  U-nUty  ^  a  £1  ^  g,ip 

Wlth  a  large  excess  o  introduce  m  <>  project  above  the 

provided  with  a  st°PPc  *  b  long  enoUg  „eparated.  The  re- 
of  copper,  which  ^  ver  wiU  be  cUuced  silver  is 

'iquid.  l>«re  m^.n  a  short  nme,^  ^  ^  ^  dis. 
duction  is  c°1V,  .t  with  amtnoma  concentrated  the  solution, 

then  washed  ^  ^  ^  copper  sh„uld  not  be 

tilled  water.  ^  faction.  ‘  nn(1  any  little  particles 

the  more  rap  ,g  considerali  >  sheet  would  contaminate  the 

too  tbinhlt  separate  boo'  remains  behind  daring  the  treat- 
which  v  aCcotnP“nying  b 

silver* 
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ment  of  the  metal  or  alloy  with  nitric  acid;  chloride  of  silver,  pro¬ 
duced  by  impurities  in  the  nitric  acid  is  taken  up  by  the  ammo- 
niacal  solution  like  the  copper,  and  is  also  reduced  to  the  metallic 
state,  and  whatever  other  metal  is  not  left  behind,  oxidized  by  the 
nitric  acid,  is  separated  as  hydrate  on  treating  with  ammonia. 
Any  arseniate  which  may  have  passed  into  the  ammoniacal  solution 

is  not  decomposed  by  the  copper. 

Recovery  of  silver  from  old  cyanide  solutions.  The  solution  may  be 
evaporated  to  dryness,  the  residue  mixed  with  a  small  quantity  of 
calcined  soda  and  potassium  cyanide  and  fused  m  a  crucible, 
whereby  metallic  silver  is  formed  which,  when  the  heat  is  suffi¬ 
ciently  increased,  will  be  found  as  a  button  upon  the  bottom  of 
the  crucible;  or  if  it  is  not  desirable  to  heat  to  the  melting  point  o 
silver,  the  fritted  mass  is  dissolved  in  hot  water,  and  the  solution 
containing  the  soda  and  cyanide  quickly  filtered  off  fmni  tie 


metallic  silver. 

According  to  the  wet  method  the  old  cyanide  solution  is  stu>nr^ 
acidulated  with  hydrochloric  acid,  observing  the  piecaution 
provide  for  the  effectual  carrying  off  of  the  hydrocyanic 
liberated  as  given  under  gold.  Remove  the  precipitated  c  1  ^ 
of  silver  and  cyanide  of  copper  by  filtration,  and  aftei  t 101 .  ^ 
washing,  transfer  it  to  a  porcelain  dish  and  treat  it,  "dh  the  ^ 
heat,  with  hot  hydrochloric  acid,  which  will  dissohe  tin  h 
of  copper.  The  resulting  chloride  of  silver  is  then  reduce 
metallic  state  by  mixing  it  Avith  four  times  its  weight  <> 
lized  carbonate  of  soda  and  half  its  weight  of  pulveiizec  ^.)l]tr]qv 
The  whole  is  made  into  a  homogeneous  paste  Avhich  b  t 1 
dried,  and  then  introduced  into  a  strongly  heated  crucible 
all  the  material  has  been  introduced  the  heat  is  raised  tc  1^  rate 
complete  fusion  and  to  facilitate  the  collection  °f  t 1(? ^  crlicible» 
globules  of  silver  into  a  single  button  at  the  bottom  °1  *  1  silver  k 
Achere  it  Avill  be  found  after  cooling.  If  granulate  c  ^  certaiJ1 
a\ anted,  pour  the  metal  in  a  thin  stream,  and  f1011 
a  large  A’olume  of  AA’ater. 

1  tilizati(ni  of  nickel  waste.  For  the  utilization  of  waste  1  lleCti^ 
aoc  cast  nickel  anodes,  and  of  the  nickel  sand  gradual  >  hod  '■ 
1 (  n  the  bottoms  of  vats  used  in  plating,  the  folio’" 111® 
■conimemlcd:  \Vash  the  waste  repeatedly  in  clean,  10 
)01  *n  (ldute  sulphuric  acid  (1  part  acid  to  -1  1 


av 
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until  the  water  poured  upon  the  waste  is  no  longer  clouded  by  it. 
Then  pour  oft’  the  liquid,  and  treat  the  waste  or  sand  with  concen¬ 
trated  nitric  acid.  This  must  be  done  very  carefully,  and  a  capa¬ 
cious  porcelain  vessel  should  be  used  to  prevent  the  solution  from 
running  over.  When  the  solution  is  sufficiently  concentrated,  so 
that  it  contains  little  free  acid,  it  should  be  filtered  and  slowly 
evaporated  to  dryness  over  a  water  bath.  The  product  is  nickel 
nitrate.  This  nickel  nitrate  is  dissolved  in  hot  distilled  water,  and 
the  solution  precipitated  with  caustic  soda  carefully  and  gradually 
added.  The  precipitate  of  hydrated  nickel  oxide  is  then  carefully 
filtered  and  washed,  and  next  treated  with  dilute  sulphuric  acid 
with  the  assistance  of  the  heat  until  solution  has  taken  place. 
The  solution  is  concentrated  by  evaporation,  and  an  excess  of  con 
centrated  solution  of  ammonium  sulphate  is  added.  The  precipi¬ 
tate  is  the  double  sulphate  of  nickel  and  ammonium  or  Adams 

nickel-plating  salt,  which  is  commonly  used  tor  nickel-plating. 

]  ting  >.dn,  where  great  quantities  of  copper 

Recovery  of  copper.  In  works _  ^  ^  recover  the  metal  dis- 

are  operated  u  non  it  is  ad  van  ta^, 

operated  upon,  n  which  can  be  done  by  an  easy  and 

solved  in  the  cleaning  baths,  '  _ _ 


inexpensive  process  --  ht  or  cast-iron  scraps.  By  the 

in  a  large  cask  filled  •  the  iron  a  chemical  reaction 


'All  the  liquids  holding  copper  are  collected 


contact  of  the  copper  so  u  <  the  iron  js  substituted  for  the 

immediately  takes  l)lilt  t^  whqe  the  copper  falls  to  the  bottom 
copper  to  make  a  solu  >  e  s‘\^  <pbe  cas]c  gbould  be  of  sufficient 

of  the  cask  as  a  ^^^liquids  employed  in  a  day’s  work.  The 
capacity  to  hold  all  n  mornjng#  The  old  iron  scrap  is  gen- 
liquids  are  decantec  eJ^er  basket  near  the  top  of  the  liquid,  and 
erally  suspended  m  ^  about  }n  the  liquid,  the  metallic  powder 
by  occasionally  "^  ^fthe  bottom  of  the  cask.  The  copper  thus 
of  copper  alone  fa  and  by  calcining  it  in  contact  with  the  air 

obtained  is  ^U*fGcopper  js  obtained. 

a  black  oxide  ^  copper  Boil  the  metal  in  a  mixture  of 

To  separ(lU.  f  uitric  acid  and  water,  of  each  1  part,  until  it  is 
sulphuric  at‘1.<,gol”ed,  adding  fresh  liquid  from  time  to  time  as  the 
completcly  *  When  the  solution  is  complete,  throw  in  a  little 
actio11  ceflS<J  absolved  in  water,  stir  vigorously,  and  allow  the 
com m 011  gjiver  to  settle.  When  no  more  precipitate  is  formed 
precil)itat°litjon  of  salt  water,  allow  to  settle,  collect  and  wash  the 
>v  the  a<h  1  plter,  and  fuse  in  a  crucible. 
preciP**** 
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Recovery  of  tin  from  tin-plate  waste.  Treat  the  waste  with  dilute 
chlorine  at  a  temperature  above  the  boiling  point  of  chloride  of 
tin  so  that  the  latter  immediately  after  its  formation  is  carried 
away  in  the  form  of  vapor,  since  if  it  remains  in  the  form  of  fluid 
in  contact  with  the  residues,  it  gives  rise  to  the  formation  of 
chloride  of  iron,  chloride  of  tin  being  reduced.  1  he  vapors  of 
chloride  of  tin  are  precipitated  by  steam  or  by  contact  with  moist 
surfaces  in  roomy  condensing  chambers,  or  are  absorbed  by  chlo¬ 


ride  of  tin  solution  of  medium  concentration. 

Another  method  is  as  follows:  Bring  the  waste  into  contact  with 
sulphur  in  a  boiling-hot  solution  of  sodium  sulphide,  whereby  the 
iron  is  completely  freed  from  tin.  The  waste  thus  freed  from  tin 
is  thoroughly  washed  and  dried,  heated  to  a  welding  heat  in  tubes 
of  rolled  iron,  taken  out  and  hammered  into  rod  iron.  1  he  solu 
tion  of  sodium  sulphide  holding  the  tin  is  evaporated,  the  residue 
calcined  in  a  reverberatory  furnace,  and  the  calcined  mass  reduce 
to  tin,  at  a  raised  heat,  by  means  of  a  mixture  of  small  coal,  cliai 
coal,  and  calcined  soda,  or  burnt  lime. 

To  separate  lead  from  zinc.  Melt  the  alloy.  The  specifics  V 
heavier  lead  collects  in  the  lower  portion  of  the  crucible  while  t  ie 
lighter  zinc  stands  over  it  and  can  be  poured  off. 

Recovery  of  brass  from  a  mixture  of  iron  and  brass  turnings.  1 
may  be  effected  by  means  of  magnets  which  attract  the  h°n  al  ^ 
steel  turnings  while  the  brass  remains  behind.  The  same  (,H  ^ 
may  be  attained  in  a  very  simple  and  economical  man  no  ^ 

melting  process.  Mix  the  iron  and  brass  turnings  and  tin  ® 
fiom  brass-casting  with  limestone,  powdered  coal  and  fend  ox^.j 
and  melt  the  mixture,  whereby  the  brass  separates  from  the  1  1  ^ 

slag  formed,  settles  on  the  bottom  and  is  run  off  in*° 
moulds. 
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!L,  C,  D.,  alloys  patented  by,  388- 
391 

sulphuric,  mixture  of  with  water,  i 
action  of,  upon  lead-tin  alloys, 
122-124 

mmze  resisting.  447 
’esistance  of  copper-tin  and  copper- 
zinc  alloys  towards,  11$,  120 
go  nobilis,  491 
’s  metal,  153,  154 
metal,  306 

>ama,  bauxite  in.  25 
l?my,  influence  of.  upon  chemistry , 
nide,  269.  281,  282 
ers  metal,  229 
ali  metals,  16 

special  properties  of,  22 
>y<  aluminium  gold.  405 
Berthier’s,  270 

changing  the  properties  ot  an, 

Clark’s  patent,  401 
constitution  of  an,  6 
definition  of,  1 
Delalot’s.  401 

for  anti-friction  brasses  •-* 
for  casting  small  artic  ^Uar  parts 
for  keys  of  flutes  and  - 

of  instruments,  0>  ,  deposit- 

for  metal  stop  cocks  whici 

po  verdigris.  305  ,  444, 

r*  .  i.i„ 


aai  sum' 

erdigris.  30^  d  glass,  444, 
oulds  lor  pressec 


n-Kutes;54i534524 
,-ering,  451, 

>ons.  444 

>e  metal-  • 

>  Onion’s,381 

in*-*.  40 

ssKa » 

453 

*-?*;  •»«'.  444 
3S2 


silver-like.  280 

Toucas’s,  282  t 

Tournee-Leonard  s, 

Trabuk’s.  282 

2B2S&  ^ 447 

Wood’s,  375  Sphere  on,  118 

Alloys,  action  of  the  »  of  prepar- 

advance  in  tne 

mcf,  l*^y  _ 

alUinSpproe’r3332-333 
.gold,  320 

-Fron,  321  o3g_339 

.nickel- copper,  330 

.silver.  320 

issr*F 

-lead, 

a, 3»»» 

.zinc,  3j8  377 

“d°«"n  £l  ««»"  °fl  b!'  """  ' 
C  f*ii4-UT 

color  ot,  490  501  u3j 

SHlcS**  f»r  4>“‘''0,,y  ' 

belief.  .>2,  »» 

constant.  G8  3i8 

^P^rseni"  308 

.lead.  30.1  318 

.magnesium-  3U, 
names  of.  5a 

-tin,  iJ*  ]G  3i7 

Sc  wue  Of  °f- 

192-195 

crystallisation  of,  j*"9 

crystallising  power  of, 
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Alloys,  crystals  of,  8 
density  of,  71-95 

determination  of  the  constituents 
of,  477-489 

division  of.  according  to  specific 
gravities,  94 
ductility  of,  104.  105 
earliest  historical  data  in  reference 
to,  2 

expansion  of.  by  heat,  1 1 1 
for  baths  used  by  cutlers,  351,  352 
for  bearings.  235.  230 
for  calico  printing  rollers.  449-451 
for  casting  type,  3G2 
for  small  patterns  in  foundries,  448, 
449 

for  speculum  metal,  composition  of, 
242 


for  watch  manufacturers,  424,  425 
formulae  for  calculating  the  specifi 
gravity  of.  73,  74 

fusible,  amalgams  of  the,  439,  440 
D'Arcet's,  381.  382 
fusing  points  of.  105-111 
general  properties  of,  66-124 
gold,  403-414 

-palladium.  405 
hardness  of.  100-104 
historical  order  of,  3 
indium  gallium,  445 
iron,  38 

Japanese.  396-400 
lead,  360-372 

-iron.  371,  372 
liquation  of,  66-71 
liquid,  solidification  of.  67  68 
magnesium,  34 
miscellaneous,  444-454 

mixture  for  a  protective  cover  in  re 
melting,  444 

n-  in  the  preparatio 

new  method  of  preparing,  445 

nickel,  41.268-298  » 

•copper.  270.  271 
-zinc,  271-275 

“°-o,f,'n°,T|nS  eitller  e*P«>sio»  0 

contraction,  94 

°f  copper  and  much  zinc,  311,  312 
with  base  metals,  137 
of  other  metals,  308-31 

of  mercury  with  other  metals,  427 

°f  4 1*5 -"2 and  Pintinum  metals 

0ttions"ofhant,Ule  C°Pper  ilnd  add 
Palladium,  42^5  ’  ***’  2"~3°7 
platinum  gold,  417,  418 


Alloys,  platinum-silver  palladium  4is 
419  ’  ’ 

•iridium,  417,  424 
•silver,  418 

preparation  of,  in  general.  125-131 
resembling  silver,  400-402 
resistance  of,  to  calcium  hydrate, 487 
towards  chemical  in. 

Huences,  117-124 
showing  contraction,  94 
expansion,  94 
silver,  385-402 

-aluminium,  385,  38G 
-arsenic,  392 
-copper,  393-400 

-cadmium.  392,  393 
•nickel,  387 

-zinc,  391,  392 
•zinc,  386,  387 
Sorel's,  189,  190 
specific  gravity  of,  71-95 
suitable  for  statue  bronze,  255,  256 
'  strength  of.  97-100 
tin.  349-359 

-lead.  349-352 

utensils  used  in  the  manufacture  of, 


125 

variations  in.  9 

various,  of  copper  with  manganese, 
tin,  iron  and  zinc,  strength  0, 
99,  100 

which  can  be  filed,  312 
paka,  269 

umina,  determination  of,  481 
uminium,  15,  16 

action  of.  upon  brass.  334. 
addition  of.  to  Babbitt  meta  , 
alloy  for  dentists  fillings, 
alloying  power  of,  319 
alloys.  30.  319-348  ^ 

production  of,  319,  ,  32O 

with  the  precious  metals, 

brass,  334-336 
tests  of.  336 
uses  of,  335,  336 
brasses,  158 
bronze,  323-333 
alloy,  341 
brazing.  341 
casting  of,  326-33 
dilution  of,  326  332 

examples  of  rcdP'H 
forging  of,  33 

preparation  of,  *  ^ 
production  of,  3  ^ 

properties  of,  ’  2tj 
remelting  of.  3*  >  ,.,,3 
results  oftests  ot.-  :  334..- 

.-.„i  /w.,inn  nf  metals  tor, 
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Aluminium  bronze,  soldering  of,  341-343 
solders  for,  342.  343 
-chromium  alloy,  341 
commercial,  analyses  of,  30 
conductivity  of  heat  of,  23,  24 
•copper  alloys.  322-333 

preparation  of,  333 
distribution  of,  24 
electric  conductivity  of,  24 
gold  alloy,  405 
alloys,  320 
solder,  470 

industrial  preparation  of,  25-32 
iron  alloys,  321 

nickel  copper  alloys,  336-339 

_  _ r  i _  .  u  ~  DlttcV 


copper  aiioys,  ooo-dJv/ 
reparation  of,  by  the  Pittsburgh 
Reduction  Co.,  27-30 
properties  of,  23-32 
reduction  of.  by  electrolysis,  2  <-30 
sheet,  solder  for,  345 
silver  alloys,  320 
soldering  of,  343-348 
specific  heat  of,  23 
steel,  321,  322 
•tin  alloy,  341 
wire,  solder  for,  345 
°algamating  water,  431 
flalgam,  bismuth,  441,  442 
cadmium,  47,  437,438 
copper,  432-434  99 

crystalline,  restoration  oi, 

definition  of,  1 
for  electric  machines, 
for  filling  teeth,  43;>  glasses, 

for  mirrors  and  looking  g 
435,  436  .  v,p«  441 

for  silvering  g'aS® .f- 
for  tinning,  436,  4. 
gold,  428-430 
iron,  440 

Mackenzie’s.  443 

magnesium,  J»etalj  439,  4 

of  Lipowitz  - 
silver,  430 
sodium,  442,  * 
tin,  434,  435 
zinc,  437  44S 

Amalgams.  4- ^  r,7  430,  440 

Ttbe  f^ible  metals-  433 

— — 


Ansonia  Brass  and  Copper  Co.,  Tobin 
bronze  of  the,  157  • 

Anti-attrition  metal,  Babbitt’s,  303,  30 
-friction  brasses,  alloy  for,  30.) 
metal,  306 

American,  306 
salgee,  306 

Antimony,  allov  of.  with  gold,  405 

-bismuth  alloys,  specific  gravity  o  , 
85,  86 

effect  of,  upon  bronze,  202 
copper,  133 

•  lead  alloys,  specific  gravity  of 
of  the  Japanese.  398 
properties  o‘,  60,  61  hydrate,487 
resistance  of.  to call  -»  f  g4  85 

-tin  alloys,  specific  grajuy  ,  ^ 

-zinc  alloys,  crystallization  , 
crystals  ot,  ° 

o;jc&bi;h.h'e% 
of  “St'”g 

,Ca„""69  I'll-  *»* 

Arg'  Ide’r  «i-466 

soluer^  *  o7  oq« 

Argent-Kools.  387,  3 

Argir0,^e’ 

Arguzoid,  2  t  •  0f  an  alloy  ofcop- 

Aristotle,  account  bv,  0 
„er  and  zmc,  138 

Aidoiosas,  *»««“  $ 

Arnold’s  iron  all  ,  ld,  40o 

Arsenic,  alloy  of.  Wit  ^  4g4 

deternunat  n  silver,  272 

effect  ot,  ont,;e  CO„ducting  power  of 

MrS3£g& 

'9'  20 

Aefisr-S' 

Atomic  weigh  e^mentary  bodies,  21 
Austria,  ose  of  |jli<on  r.legrapfi 

A.Sri.n’.^-Ul,  ord»*nc.  brooa.  pre. 


OABBTTT’S  anti  attrition  metal,  303, 


22,  23 


D  304. 

Banca,  tin  in,  51 
Barium,  16 

properties  ot, 

Base  metals,  14 
Bath  metal,  190 
Bauxite,  deposits  of,  -o 
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Bearing  metal.  Dunlevie  and  Jones’,  312 
graphite, *306 
palladium.  424 
metals,  300-307 

analyses  of,  306,  307 
cheaper,  composition  of,  312 
Bearings,  alloys  for,  235,  236 

composition  of  white  metals  for,  303 
compositions  of,  302,  303 
metals  for,  236 
soft  metal,  use  of,  302 
Bell  metal,  224-229 

good,  principal  requisite  of  a, 
225,  226 

melting  and  casting  of,  226,  227 
properties  of,  226 
silver,  229 

metals,  composition  of  some,  228 
Bells,  church,  introduction  of,  225 
early  use  of,  225 
large,  weight  of  some,  225 
Belgium,  baser  coin  of,  231 
nickel-copper  coins  of,  270 
Berlin  bronzes,  179 
Berthier's  alloy,  270 
Biddery  metal,  358,  359 
Biermann,  production  of  cupro-manga- 
nese  by,  313 
Binding  wire,  457 
Birmingham  platinum.  189 
Bismuth  alloys,  378-384 
amalgam,  441,  442 

for  anatomical  preparations, 442 
-antimony  alloys,  380 
bronze,  278,  279 
-copper  alloys,  378 
determination  of,  477,  482 
effect  of,  upon  copper,  104,  133 
-gold  alloys,  specific  gravities  of,  92, 


group,  60,  61 
-iron  alloys,  379 
-lead  alloys,  379,  384 

specific  gravities  of,  91 

prop;‘ruj'XfU5iD8POintSOf' 

Sde"  4595'8’  SP"ifiC  er”‘,ies  0 
-tin  alloys,  378,  379,  384 
-lead  alloys,  380 
-zinc  alloys,  378 
Block  tin,  53 
Bobierre’s  metal,  152 

f  38°’ 381 

SoM^  3“ 

-  3^>on  Ot  aluminium  upon, 

aluminium,  334-336 


Brass,  ancient,  137 

mode  of  manufacture,  158,  159 
and  iron  turnings,  recovery  of  brass 
from  a  mixture  of,  506 
articles,  moulds  for  casting,  170 
beautiful  bronze  as  substitute  for, 
237,  238 
Bristol,  150 

bronzing  liquids  for,  495 
of,  500 

cast,  146-150 

analyses  of,  147 
casting,  168-175 

change  of  the  molecular  structure 
of,  142 

cleansing  or  pickling  of,  175-177 
color  of.  139,  140 
composition  of,  138,  139 
crystalline  structure  of,  140 
ductile,  metals  for  the  preparation 

of,  142 

dull,  lustreless  surface  on,  176,  17 1 
Ebermayer’s  directions  for  coloring, 
498,  499 

effect  of  iron  on,  143 
tin  on,  143 


fine  cast,  148 
for  cartridge  shells,  145 
for  sheet  and  wire,  analyses  of.  14a, 
146  .  ..ft 

French  cast,  for  fine  castings,  149,1a 
furnaces,  161-165 
fusion  of  the  charge  in  preparing, 
166,  167 

gold  color  upon.  497,  498 
golden  yellow  color  upon,  49 < 
gray  green  shade  upon.  49 < 
green  patina  upon,  492,  49  > 
ingots,  casting  of,  168-1 70  ^ 
iridescent  coatings  upon,  49. 

its  properties,  manufacture  am 

138-177 


nese,  146  .  linnn. 

ous  gray  or  black  coating 

6,497 

eable,  150-158 
ranese,  316 

jfacture  of,  158-168  0]d 

according  to  w 
method  with  * 
use  of  zincif  rou 

ores,  lo9’  petals 
by  fusing  the  w  gg 
together,  1<>0 

ing  point  of,  142,  143 
nary  cast,  147,  143 
s,  casting  of,  17<M7f 

tVrmn  fl,  nilX  til  I 


iron 
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Brass,  red,  177-188 

reference  to,  by  Pliny,  2 
resistance  of,  to  calcium  hydrate. 487 
sheet,  144-146 

crystallization  of,  141 
silver  color  upon,  498 
solder,  467 
solder,  460-464 
for,  458 

soldering  of,  473 
strength  of,  142 
testing  of,  484,  485 
tough  for  tubes,  148,  149 
use  of  old  copper  in  the  manufacture 
of,  143 

uses  of,  in  the  arts,  143,  144 
violet  tint  upon,  497 
Masses,  aluminium,  158 

anti-friction,  alloy  for.  305 
razing  aluminium  bronze,  341 
pistol  brass,  150 
,r|tannia  metal,  352-359 

casting  of.  356,  357 
composition  of.  354 
electro. plating  of,  35 7 
moulds  for,  355 
preparation  of,  355 
properties  of,  352-354 
solder  for,  458 
r)  testing.  485 

fro^de,  187,  188 

roilze,  absorption  of  oxygen  by.  207,  208 
additions  to,  218,  219 
-aluminium.  323-333 

production  of,  30—32 
basin,  Turkish,  240 
beautiful,  as  substitute  for 
237,  238 

bismuth,  278,  279 

carbon,  306  ,.ffi„ultv  of  ob- 

castings,  perfect,  difficulty 
taining,  207 
cobalt,  39,  40,  317 
color,  brown,  500 
green,  501 

of.  fixture,  in.  “V 1 

commercial,  t5nff  the  PnJ 
conditions  a  e  202,  203  2o7 

properties^.  >  Jn  casting,  20  ’ 


contraction  6 

Cornish,  *  ,?0(j 


Dan,^ued,  157%  214-21T 

deox>d'*cki’nds  oh 
different  kjTiftlleabl« ,  4. 
Dronlcr  *  200 


Bronze,  effect  of  iron  upon,  201,202 
lead  upon,  201 
nickel  upon,  202 
oxygen  upon,  207,  20.8 
phosphorus  upon,  202 
sulphur  upon,  202 
zinc  upon,  200,  201 
for  articles  exposed  to  shocks  and 
very  great  friction,  237 
for  medals  and  coins,  230-232 

with  figures  in  high  relief,  231 
for  ship-sheathing,  234 
for  small  castings,  233 
for  telephone  line,  252-254 
for  valve  balls  and  other  constitu¬ 
ent  parts  to  which  other  parts  are 
to  be  soldered  with  hard  solder, 
237 

furnace  for  melting  a  large  quantity 
of.  213,  214 
(iraney,  306 
Harrington,  307 
imitation,  180 
in  general,  199-267 
iridescent  coatings  upon,  4 

-F-. 

496,  497 

SSSr”-’  --ring  the  g«~t 

.^r«r 

furnace  for.  208, 
points  of,  206 

Secular111 SLpV  b>’ 

new^upon'bronze  figures,  494,  495 

nickel,  278 
old  Peruvian,  240 
phosphor,  242-250 

I . it 0 

I"" 'SpUiiion.  of  the  alloys  for 
some  colors  of,  18  < 

direct  preparation  of,  lo« 

preparation  of,  186,  187 
prehistoric.  137,  215-217 
principal  constituent  of,  199 
resisting  acids,  447 

the  action  of  the  air,  23  < 
reverberatory  furnace  for  melting, 
212-213 
Richards’,  336 
statue,  254-258 
sheet,  crystallization  of,  141 
silicon,  250-254 
strength  and  hardness  of,  204 
sun,  340 
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Bronze,  testing  of,  485,  486 
to  be  gilded,  234 
Tobin,  157,  306 
weapon,  antique,  240 
Bronzes,  ancient,  composition  ot.  216,  21 1 
Berlin,  179 
Chinese,  238,  239 
for  various  purposes,  229—240 
Japanese,  239,  240 

Bronzing  liquids,  Graham’s,  495,  496 
Button  metals,  Guettier's,  191 
Buttons,  alloys  for,  189 

C  ADM  AN,  A.  W.,  Babbitt  metal  pat¬ 
ented  by,  304 

Cadmium,  addition  of,  to  an  alloy  ot 
gold  and  silver,  405 
alloying  power  of.  47,  48 
alloys,  47.  48,  373-377 
reliability  of,  376,377 
amalgam,  47,  437,  438 
-bismuth  alloy.*,  specific  gravities 
of,  90 

determination  of,  482.  483 
-lead  alloys,  specific  gravities  of, 
90,  91 

properties  of,  46-48,  373 
pure  metallic,  preparation  of,  46,  47 
Calamine,  44 
Calcium,  16 

hydrate,  resistance  of  metals  and 
alloys  to,  487 
properties  of,  22,  23 

Calico-printing  rollers,  alloys  for,  449- 
451 

Calin,  444 

Calvert  and  Johnson,  experiments  of,  on 
the  hardness  of  copper- 
tin  alloys,  101.  102 
investigations  by,  on  the 
conductivity  for  heat, 
of  alloys,  112,  113 
investigations  by,  on  the 
influence  of  sea- water 
upon  copper-zinc  and 
topper  zinc-tin  alloys, 
120  J  ’ 
investigations  by,  on  the 
resistance  of  copper- 
tin  and  copper-zinc 
alloys  towards  acids 
Camelia  mcW,  306M<1  U9,  .20 

andle-sticks,  alloys  for,  179,  ,80 

Carau!ioUn, “mixed, '4Tl'"g  0rJ"'lr,,:0.  222 


Carats  and  grains,  conversion  of,  into 
thousandths.  409 

Carbon,  behavior  of,  towards  iron,  63  64 
bronze,  306 

influence  of,  upon  a  metal,  19,  20 
properties  of,  63,  64 
Car  box  metal,  307 

brasses,  metal  for  lining,  306 
Carnegie,  Phipps  &  Co.,  tests  of  nickel- 
steel  made  by,  298 

Carroll,  C.  C..  aluminium  alloy  patented 
by,  340,  341 

Cartridge  shells,  brass  for,  145 
sheet  for,  270 

Carty,  specific  gravities  of  tin-bismuth 
alloys  according  to,  87,  88,  91,  92 
Cassiterite,  51 
Cast  brass,  146-150 

analyses  of,  147 
line,  148 

ordinary,  147,  148 
Casting  and  melting  bronze,  210-217 
brass,  168-175 
German  silver,  288-290 
ingots  of  brass,  168-170 
plate  brass,  170-175 
small  articles,  alloy  for,  453 
statue  bronze,  257,  258  .  .  . 

Castings,  bronze,  difficulty  ot  o 

perfect,  207  qqs 

delicate,  bismuth  alloys  fo  .  ‘  j; 
metallic/,  alloy  for  filling  oat  dele 
ive  places  in,  380 
small,  bronze  for,  233 

Cast  iron,  19  cttjciuffl  W* 

resistance  ot,  to 
drate.  487 

silver  solder  tor,  4  >< 
solder  for,  458 
solidification  of,  ?- 
Cement,  Evans’s  metallic- 
Vienna  metallic,  434 
Chandeliers,  alloys  toi, 

Charcoal,  126  definition  °f> - 

Chemical  combination,  11  }ll|0ys 
influences,  resistance 

117-124  .  0f  by 

Chemistry,  development 

Arabs,  4  llDon,  4 

influence  of  alchen  J 
China  silver,  269  in. 

Chinese  bronzes,  23  ,  - ol(jering  11 
Chloride  of  silver  tor  - 

mm,  r,ol 
reduction  ot, 

Christophle  metal,  269 
Chrome-steel,  43  .  n  of,  4c 

Chromium,  deter"--;*11” 
properties  of,  4  > 
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Chrysochalk.  180 
Chrysorin.  149,  180,  181 
Cinnabar,  56 

Clark’s  patent  alloy,  401 
Clicks  metal,  375,  376,  380 
Clock  bells,  alloys  for,  228,  229 
Cobalt,  18 

association  of,  with  nickel,  273 
bronze,  39,  40,  317 
determination  of,  480,  481 
properties  of,  39,  40 
Coelestin,  16 
Coin  bronze,  230-232 
Coinage,  casting  gold  for,  406 

excellence  of,  in  the  Middle  Ages,  4 
nickel,  42 

silver  used  for,  394 
Coins,  alloy  for,  387 

gold,  fineness  of,  410,  411 
manganese  brass  for,  316 
nickel-copper,  270 
Roman,  216 
silver,  fineness  of,  394 

of  various  countries,  composi 
tion  of,  394,  395 
Swiss  fractional,  alloys  for,  • 
Cologne,  weight  of  large  bells  in,  & 

Color  of  alloys,  114-117 

Colored  gold,  413,  414  from; 

Coloring  baths,  recovery  ot  g 

502 

of  alloys,  490-501  ]12,  l13 

Conductivity  for  heat  of  all  }  ^  > 

Cooper's  gold,  422 

mirror-metal,  423 
pen  metal,  423  >oD  250 

Copper,  action  of  silicon 
alloying  power  of’ 

alloys,  132-198  manufacture 

^difficulties  11 

of,  I32  ._nf  136 

aim  £  ^  zinc,  g 

493  , 

aJralxtures’ 

bei5'°fence  of  the  quality  of  a 

a f  (  145 

of’ 


Copper,  bronzing  liquids  for,  496,  498 
of,  500 

-cobalt  alloys,  317 
commercial,  foreign  metals  in,  1 
source  of,  135 

copper-brown  upon,  500,  501 
determination  of,  478,  482 
effect  of  arsenic  upon  the  conduct¬ 
ing  power  of,  113 
cuprous  oxide  upon,  133,  134 
iron  upon,  133 
lead  upon  the  ductility  of, 
132, 133 

silicium  upon,  134 
sulphur  upon,  134 
various  metals  upon,  104, 
133 

.gold  alloys,  136,  137 

specific  gravity  of,  81,  8J 
strength  of,  100 

intensity  of  coloration  produced  by, 
115,  116 

.iron  alloys,  309,  310 
-lead  alloys,  309 

liquation  of,  70 
-magnesium  alloys,  3l7’  31L 
-nickel  alloys,  strength  of,  99 

-silver  alloys,  analyses  of,  285, 
286 

•  tin  alloys,  strength  of,  99 
old,  use  of,  in  the  manufacture  of 
brass,  143 
properties  of,  55,  56 
recovery  of,  505 
red-brown  upon,  500,  oOl 
separation  of  silver  from,  505 
-silver  alloys,  137 

action  of  chemical  agents 
upon,  121 

specific  gravity  of,  80,  81 
strength  of,  100 
wear  of,  103 
solder  for,  458^ 
soldering  of,  473 
-steel,  310,  311 
Suhl  white,  268,  269 
tensile  strength  of,  267 
-tin  alloys,  199-267 

changes  in  the  specific 
gravity  of,  76-79 
conductivity  of,  for  heat, 
113 

for  electric¬ 
ity,  114 

crystallization  of,  95,  96 
expansion  of,  by  heat,  111 
fusing  point  of,  108 
hardness  of,  101 
liquation  of,  69 
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Copper- tin  n  9^1 20 

scale  of  colors  of,  116 

specific  gravities  of,  74-79 
strength  of,  97,  98 
table  of  properties  of,  259- 
264 

-nickel  alloys,  with  or  without 
zinc,  analyses  of,  285 
zinc  alloys,  scale  of  colors  of, 
116 

-tungsten  alloys,  316,  317 
-zinc  alloys,  collective  terra  of,  138 
conductivity  for  heat, of,  113 
crystallization  of,  96 
expansion  of,  by  heat,  111 
fusing  point  of,  108,  109 
hardness  of,  101,  102 
historical  notice  of,  138 
influence  of  sea-water 
upon, 120 
liquation  of,  70 
physical  properties  of,  140 
resistance  of,  towards  acids 
and  salts,  119,  120 
scale  of  colors  of,  116 
specific  gravities  of,  79,  80 
strength  of,  98,  99 
table  of  properties  of,  144, 
192-195 

-nickel  alloys,  analyses  of,  283, 
284 

-iron  alloys,  analyses  of, 
284,  285 

-lead  alloys,  analyses  of, 
284 

-tin  alloys,  influence  of  sea¬ 
water  upon, 120 
Cornish  bronze,  306 
Cornwall,  tin  in,  51 

Cowles  Electric  Smelting  and  Alumin¬ 
ium  Co.,  examples  of  rolling  alurain- 
mm-bronze,  given  by  the,  332 
Cowles  Electric  Smelting  and  Alurain- 
ram  Co.,  furnace  used  by  the,  30,  31 
Cronstedt,  discovery  of  nickel  by,  40 
Crucibles,  furnace  for,  161-165 
graphite,  127 

preparation  of  alloys  in,  126 
Cryolite,  25 

Crystallization  of  alloys,  95-97 
U133U134X^e’  C^eCt  °^>  uPon  copper, 

Cupro-manganese,  312-315 
'-raps,  German  silver  for,  276 

CvaS  alli°y.®  f°r  batlls  US(-‘d  l)y>  351,  352 
Silver  fr  WUrnS’  recovery  of  gold  and 

Cvn  u!l  m:  502’  503>  5«4 

Cymbals,  early  use  of,  225 


Dakota,  tin  in,  51, 52 

Damascus  bronze,  306 
D’Arcet,  best  bronze  for  statues,  accord, 
ing  to,  256 

D’Arcet’s  fusible  alloys,  381,  382 
gilding  metals,  150 
Davy,  isolation  of  magnesium  by,  33 
Dead  head,  219 
Delalot’s  alloy,  401 
D’Elhujar,  discovery  of  tungsten  by,  50 
Delta  metal,  155,  156 

advantages  claimed  for,  156 
analyses  of,  155,  156 
strength  of,  156 
Density  of  alloys,  7 1—95 

point  of  greatest,  of  water,  <2 
Dental  purposes,  platinum-gold  alloys 

for,  418  , 

Dentists’  fillings,  aluminium  alloy  ior, 

340,  341 

Deoxidized  bronze,  15<,  1*8  , 

Ddpierre  and  Spiral,  analyses  y, 
composition  of  scrapers,  44. 

Deville,  H.  St.  Claire,  labors  ?f’  ."mo- 
Dewrance’s  patent  bearing 
tives,  305 
Diamond,  the,  63 
Dienett’s  German  silver,  - 
Dippiug  brass,  175  . 

Dronier’s  malleable  bronz  , 

Ductility  of  alloys,  104,  1 
Ductors,  449  0f  bear'n2 

Dudley,  C.  B.,  analyses 
metals  by,  306,  307 
Durano  metal,  454 
Dutch  gold,  184,  185 
metal,  172 

leaf,  184,  185 

.  brasS  u 

T7  BENER,  E.,  introduet10 

Germany  by,  138  coloringb' 
Kbermayer’s  directu  -  ^ 

498,  499  ..  of  *llo's 

Electricity,  conducti  ) 

113,114  «malgftin 

Electric  machines,  aw-^. 

Electrolysis,  reductio 

27-30  ..  groups  °f); 

Elementary  bodies,  g  ^  of>  jl 

Elementary  bodie\(lcr  for,  4°;  il)to,  J,,‘ 

Enameled  work,  so  je  ^  gS 

England,  introdu  ^  18 '  , 

English  bronze  P°v  (5er|fll 

metal,  359 

process  of 
silver,  290, 
sterro  metal,  i  ^ 
type  metal,->  ’5 
white  metal, 


INDEX. 


515 


English  white  metal,  ordinary,  191 
Erfurt, weight  oflarge  bell  in,  225 
Erhart’s  type  metal,  363 
Evans’s  metallic  cement,  438 
El  B.  metal,  307 


PAHLUM  brilliants,  350,  351 
E  Fat,  use  of,  in  preparing  alloys,  126, 
127 

Fenton’s  alloy  for  axle-boxes  for  loco¬ 
motives  and  wagons,  305 
Ferro-chrome,  preparation  of,  43 
-cobalt,  malleable,  446,  447 
-German  silver,  279,  280 
-nickel,  malleable,  446,  447 
-tungsten,  50 
Fire-gilding,  431,  432 

early  knowledge  of,  3 
preparation  of  amalgam  for,  429 
.  -silvering,  431,  432 
leitmann,  Dr.,  process  of,  for  refining 
and  toughening  nickel,  41 
utes,  alloy  for  keys  of,  364 
ux  for  hard  soldering,  472,  473 
luxes  used  in  soldering,  470,  471 
orks,  German  silver  for,  276 
Formulae  for  calculating  specific  gravity , 

uundries,  alloys  for  small  patterns  in, 
448/449 

ranee,  baser  coin  of,  231  ,  . 

French  cast  brass  for  fine  castings,  » 

150 

gold,  181,  182 

.  type  metal,  362,  363  4 

Frishmuth’s  aluminium  solder,  _ 

Furnace,  double,  used  m  1  221 
foundry  at  Spandau,  > 
for  bronze,  208,  209 

for  direct  firing,  29  416 

for  melting  platinuni,  > 

for  melting  statue  direct  uP°n 

* ’£££&  w- 

reverberatory  3  i73_l75 

f°rcn  hearth’'  JJ5 
bra?s’  iG5 

Fur“fdr  ^“^oV  coal,  ^ 

S«^93^e--tWe  6,18  ieVer' 

8tt^^?0£SSlil 

lvUo>'9’ 


GAHN,  extraction  of  metallic  man¬ 
ganese  by,  38 
Gallium,  discovery  of,  48 
properties  of,  48,  49 
Gedge’s  alloy  for  ship-sheathing,  lo4 
Geitner,  Dr.,  alloy  of,  269 
Georgia,  bauxite  in,  25 
Germany,  first  bronze  cannon  manufac¬ 
tured  in,  217  .  n 

German  process  of  manufacturing  Ger¬ 
man  silver,  287-290 
sheet  brass  for  musical  instruments, 

145 

silver,  275-286 

addition  of  iron  to,  273 
of  silver  to,  273 
alloy  resembling,  444 
analyses  of,  276,  277 
Dienett’s,  281 

effect  of  lead  upon,  277,  278 
tin  on,  274 

English  process  of  manufactur¬ 
ing,  290,  291 

Germaif  process  of  manufacture 

•  “i»n'  2,f 

manufacture  of,  on  a  large  scale, 
JchanSl  manipulation  of, 

274,  275 

Pirsch’s  patented,  281 
plating  of,  2 '4  Jg  chemiCal 

resistance  ot,  tow  ^ 

influences,  >  90?— 294 

1  manufacture  of,  2J*-- ** 

sheet,  manuut 

solder  for,  -  »  ' 

substitutes  for,  -7 

testing  of,  _4yb 

uses  of,  }  compositions 

variations  m 

of  the  alloys  for,  27o,  ^ 

various  additions  to,  -77 
v  introduction Vf  brass  into,  138 

°f  “I"0-™'*"- 

’  ganese  by,  312 

Glass,  126  cementing,  382, 383 

r-nld  alloying  power  of,  59,  403  . 

G  alloy  of,  with  arsenic  or  antimony, 

405 

alloys,  403-414 

fineness  of,  409 

inutility  of  the  majority  of,  403, 
404 
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Gold,  alloys,  jewellers’,  412,  413 
legal,  411,  412 
legal  standards  for.  409 
melting  of,  406,  401 
preparation  of,  406-409 

by  the  galvanic 
process,  414 

use  of,  410-414 
aluminium  solder,  345 
amalgam,  428-430 
ancient  use  of,  403 
and  copper,  mutual  affinity  of,  404 
silver,  combinations  of,  404 
articles,  casting  of,  406 

finished,  coloring  of,  414 
behavior  of  lead  towards,  404,  405 
blue,  413 
-bronze,  233 

casting  of,  for  coinage,  406 
coins,  Europe,  136 

fineness  of.  410,  411 
colored,  404,  413,  414 
coloring  power  of,  117 
Cooper’s,  422 
-copper,  180 

alloys,  effect  of  zinc  upon  the 
ductility  of,  105 
hardness  of,  103 
liquation  of,  71 
determination  of,  482 
Dutch,  184,  185 
effect  of  alloying  apon  the  ductility 
of,  104,  105 
French.  181,  182 
furnace  for,  407 
granulated,  preparation  of,  408 
gray,  404,  413 
green,  404,  413 
group,  58-60 
joujou,  411 
Lyons,  179 
Manilla,  184 
Mannheim,  180 
mosaic,  149 
Nurnberg,  405 
pale,  404 

-palladium  alloys,  405 
plates,  casting  ingots  for,  406 
-platinum  alloys,  fusing  points  of, 
109,110 

precipitation  of,  by  zinc,  503 
properties  of,  58,  59 
recovery  of,  by  the  wet  process,  503 
from  auriferous  fluids 
502 

from  coloring  baths,  502 
from  cyanide  solutions, 
502,  503 

from  wash  water,  501,  50 


Gold,  red,  413 

sacred  value  placed  on.  bv  th« 
Egyptians,  403 


Cv  x  ■ 

-scrap,  re-melting  of,  408,  409 
-silver  alloy,  addition  of  cadmium 
to,  405 

alloys,  action  of  chemical  agents 
upon,  121,  122 
conductivity  for  electricity 
of,  114 

conductivity  for  heat  of, 
113 

crystallization  of,  96 
liquation  of,  71 
solder,  fine,  469 
solders,  468-470 
standard,  410-412 
talmi,  182,  183 

-tin  alloys,  crystallization  ot,  8,  Jo 
tough,  preparation  of,  408 
ware.  Pforzheim.  412 
testing  of,  486,  487 
waste,  recovery  of,  501-503 
yellow,  404,  413 
Gongs,  Chinese,  227,  228 
Graham’s  bronzing  liquids,  4  , 

Graham’s  table  of  lacquers,  -  t 
Grain  tin,  53 

Graney  bronze,  300  ,ate  brass, 

Granite  moulds  for  casting  1 
171,  172 
Graphite,  63 

bearing  metal,  30b  rising 

Greeks,  knowledge  m  the 
metals  by  the,  - 
use  of  amalgams  b)  tue, 

Greenockite,  46  ,91 

Guettier’s  button  metals,  494 
Gun-barrels,  browning  > 
Gun-metal,  217---*  f  density  and  C 

comparison  ot  206. 

position  of,  -1,  t 

coEtentoftm".^,,,,!'* 

good,  prop*- 
solder  for,  4o8 
study  of,  21J 
Guns,  wrought  iron,  - 

UALf-yeliow^:>*1 

Q  Hall,  Charles  -  •> 

27-30  .,140  , 

Hamilton’s  metal,  14'  on  the 
Ham  pc,  researches  ^jjtu*9' 


of  copper  to*  lo0_io4  ^ 

soldering  fluld> 
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lard  solders,  460-466 
division  of,  460 
larrington  bronze,  307 
Barveyized  plates,  42 
Beat,  conductivity  for,  of  alloys,  112,  11 3 
of,  of  metals,  24 
expansion  of  alloys  by,  111 
specific,  of  alloys,  111,  112 
Heavy  metals,  groups  of,  17,  18 

‘special  properties  of  the,  35-65 
Henniger  Bros.,  alloy  of,  269 
Hercules  metal,  341 
Holland,  J.,  process  of,  425 
Holzmann,  specific  gravities  of  antimony- 
bismuth  alloys  ac¬ 
cording  to,  85,  86 
bismuth-gold  alloys 
according  to,  92,93 
bismuth-silver  alloys 
according  to,  91 

cadmium-lead  alloys 
according  to,  90,91 
tin-gold  alloys 
cording  to,  89  . 
tin-mercury  alloy 
according  to,  t 
tin-silver  alloys 
cording  to,  88 
Hyper’s  phosphor  bronze,  analyses  o  ,  *-  • 
wire,  249 

experiments  ot,  on 


Iron,  cast,  resistance  of,  to  calcium  hy¬ 
drate,  487  ^ 

solidification  ot,  <  ’  „ 

chemically  pure,  preparation  of, 

36,  37 

cold-short,  20  , 

commercial,  foreign  metals  , 
determination  of,  48  20,64 

effect  of,  phosplioru,  ..pen,  1MU, 

sulphur  upon,  19)  iy} 
upon  brass,  143 
1  bronze,  201,  202 
copper,  133 

group, 35—44 

influence  of  carbon 
-manganese  alloys, 

of,  96,  97 
native,  36 
oxidation  of.  37 
properties  of,  36-38 

pure,  19 

-zinc  silo?.  46,  ,,, 

Italy,  baser  coin  of,  231 

JAPANESE,  antimony  of  the,  •  9 
*  brass,  146 

J 

Jepate°nted  by,  ^  .—a  hv..4!2,  413 


.son,  erro.cbrome,|^SK „sed  « 

m  the  preparation  of  fer  jewelers,  E°  d  ,,'s  tor,  411 

•  i  wrings, 305  jeWelry,  g?1'*  475,  476 

s  patent  alloy  for  pivot  for  soldering  » 

gin,  sulphuretted,  apparatus  gold,  411 

production  of,  478-480  I 

UM,  discovery  of,  48 
gallium  alloys,  44o 

>roperties  of,  48  1(58-170 

s,  brass,  casting  ’ 

‘or  gold  plates,  *  i8<> 

.anils,  alloys  for,  ™  of,  864 
uments,  alloy tor 

um  osmium  alloy,  2,3 

-Steel,  434  G«r»*»  silver, 

,  addition  ot, 

alloy,  A'“»“'r'of,  « .  ■» 

alloying P°  420,421 

alloys  °t’  platinum  *lth’ 
alloy3  ®  "440  ,  437  nf 

amalgam  oni„g,  430,  oVCIy  ot 

for  tu  turn»ng8,  B06 
a  brass  „  mixture  ot, 


joujou  fe-  > 

o  G  researches  of,  on  the 

T  r  ALISCHER,  140-142 

IV  cn'stalhzat  from,  4o 

soi4C4 ac 

Kartnarsb ,  mg^  of  the 

Specific  gravity  of 

copper-silver  alloys 
bv  80,  81 

experiments  of  on  the 
strength  of  copper- 
cold  and  copper- 
silver  alloys,  100 
experiments  of,  on  the 
’  wear  of  copper-sil¬ 
ver  alloys,  103 

investigations  by,  ot 
Britannia  metal, 
354,  355 
rtntlMlt  Of,  151 
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Kerl,  Bruno,  analyses  of  commercial 
tin  by,  52 
King  crucible,  163 
Kingston’s  metal,  304 
Kirkaldy,  tests  of  phosphor-bronze  by, 

246,  247  „ 

Knapp,  investigations  by,  of  the  action 
of  acids  and  salt  solutions  upon  lead- 
tin  alloys,  122—124 
Kiilne’s  phosphor-lead  bronze,  249 
Kunzel  and  Montefiore-Levi,  experi¬ 
ments  of,  with  nickel-copper  al¬ 
loys,  271 

investigations  of,  on  the  strength  of 
alloys,  99,  100 
Kupfernickel,  40 
Kuromi,  398 


Lacquers,  490, 491 

Lamps,  alloys  for,  179 
Lancon,  M.  H.,  aluminium  solder,  pat¬ 
ented  by,  344,  345 

Langley,  J.  W.,  on  the  preparation  of 
aluminium  steel,  322 
Lead,  affinity  of,  for  oxygen,  54 
alloying  power  of,  54 
alloys,  360-372 

amalgams,  specific  gravities  of,  93 
and  other  metals,  alloys  of,  372 
-antimony  alloys,  expansion  of,  by 
heat,  111 

fusing  point  of,  110,1 11 
hardness  of,  103 

behavior  of,  towards  gold,  404,  405 
determination  of,  477,  478,  481 
effect  of,  upon  bronze,  201 

German  silver,  277, 
278 

the  ductility  of  cop¬ 
per,  104,  132,  133 

foil,  to  distinguish  tin  foil  from, 
487,  488 

-gold  alloys,  specific  gravity  of,  83 
group,  53,  54 

influence  of  other  metals  upon,  360, 
361 

-iron  alloys,  371, 372 
-mercury  alloys,  specific  gravities 
of,  93 

pipe,  resistance  of,  to  calcium  hy¬ 
drate,  487 

pipes,  solder  for,  458 
-platinum  alloy,  effect  of  the  air 
upon  a,  119 

properties  of,  53,  54,  360 
rolled,  crystalline  structure  of,  142 
separation  of,  from  zinc,  506 
-silver  alloys,  crystallization  of,  96 
liquation  of,  71 


Lead-tin  alloys,  action  of  acids  and  salt 
solutions  upon,  122-124 
fusing  point  of,  110 
hardness  of,  103, 104 
to  detect  in  tin,  488 
Leaves,  impressions  of,  439 
Lechesne,  339,  340 
Lecoq  de  Boisbaudran,  discovery  of 
gallium  by,  48 

Ledebur,  type  metal,  according  to,  363 
Lemarquand's  non-oxidizable  alloy,  453 
Lipowitz’s  alloy,  374 

metal,  amalgam  of,  439,  440 
liquation,  66-71 
prevention  of,  67 
Liithium,  16 

Loam,  moulds  for  casting  plate  brass, 1 . 1 
Locomotive  axle-boxes,  alloy  for,  30o 
Locomotives,  bearing  for,  305 
Long,  specific  gravities  of  »•*  ^ 

cording  to, 
34,85 

tin-lead  al* 
loys,  ac* 
cording  to, 

88’  8r!  4"U 

Looking  glasses,  amalgan,  fa,  «  •  ' 
Lutecine,  448 
Lyons  gold,  179 


MACHINE  bronze,  2.34"2'^®rposes, 337 

metals  for  variou  J  petti 
_ vans  tion  Ot  " 


Machines,  composition 


for,  305 
McGee,  C. 


K-,  on 


the  electric 


,nduc- 


Jl>f 


twTtyofaTumInimr.,24 

Macht’s  yellow  me^rtype  petal  P 

MacKellar,  T.,  aiioy 

ented  by,  34 1  443 

Mackenzie’s  amff  ”■ 

Magnesium,  1».  1 

alloys  of,  •  4 
amalgam,  ,  4go 

deternnnatiot 

properties  of,  •*  pet*1 

Magnolia  meteL 

Magnus.  Alber 

zinc  by,  44  ,|i 

Maillecbort,  -  ’■  j5(,_158  the  str-  r 

Malleable  r  ’  ts  of,  °'  99 

Mallet,  expert"1 "  „0js,  9*.  0f""" 

Of  copper-211 r0pcru 

Mallet's  table  °*^,e  r,*> 

zinc  alloys,  o  g  po^ 

Manganese,  all  j 

braSS’  306,315- 31  3 

bronze,  jw , 
bronze,  ln°l 


sis, 
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Manganese,  determination  of,  481 
German  silver,  279 
metallic,  38 
properties  of,  38,  39 
Manganin,  281 
Manilla  gold,  184 
Mannheim  gold,  180 
Marbeau’s  nickelo-spiegel,  297 
Marcus  Aurelius,  statue  of,  3 
Marshal  and  Saunier,  beautiful  gold 
bronze,  according  to,  233 
Marlie’s  non-oxidizable  alloy,  453 
Marsh’s  apparatus,  483,  484 
Martino,  H.,  alloy  invented  by,  280,  281 
Matthiessen,  determination  of  the  speci¬ 
fic  gravities  of  cad¬ 
mium-bismuth  alloys 

by’  90-  of 

of  specific  gravities  ot 

lead  mercury  alloys 

by,  93  . 

of  the  specific  gravity  ot 

antimony-lead  alloys 

by,  86  .  - 

of  the  specific  gravity  ot 
lead-gold  alloys  by,  »3 

of  the  specific  gravity  ot 
silver-gold  alloy  s  } , 
82,  83  « 

of  the  specific  gravity  o 
silver-lead  alloys  y> 

84  •  f 

of  the  specific  gravity  o 

tin-cadnnum  alloys  oy, 

experiments  of,  <  >n\he  conductivity 
of  metals  for  electnci  y,  .  ’ese 
Maumend,  E.  J.,  analyses  ot  J»1 
bronzes  by,  239 

Medal  bronze,  230-232  493 

Medals,  brown  patina » 

manufacture  ot,  2 |  velief,  bron 

with  figures  in 

Meltingf0and23casting  ** 

points  of  the  pr»'£«a58 
statue  bronze,  ^wer  of,  5®>  l8  427- 
Mercury,  alloy other 
alloys  ot,  w 

amSamSt^rX  478,  482 

proper*;  488 

riS'8’.153’ 

Mctai  i  .  300  _ 


Metal,  anti-friction,  306 

BabbS  anti  attrition,  303,  304 

beautiful0  white,  closely  resembling 
silver,  400,  401 
Biddery,  358,  359 
Bobierre’s,  152 
Britannia,  352-359 
camelia,  306 

°f  “■ by 

alloying,  1,  2 
cliche,  375,  376,380 
definition  of  a,  1- 
delta,  155,  156 
Durano,  454 
Dutch,  172 

Kg“’oT,he  Pennsylvania  Kail- 

road  Co.,  :i°l  306 

for  lining  car  brasses, 

sssssrs f 

^■srt»^‘39-  44° 

Macht’s  yellow,  U- 

magnoUa,  306 

Minofor,  3oi> 

Mira,  318 
Muntz,  151,152 

Newtons,-  ,  wbite,  191 

ordinary  English  224 

ordnance  or  gun,  217 

Paris,  448 
prince’s,  15° 
ronia,  150 

K'£^c,io“,3°6 
ssfw'W4* 

sterro,  l->4,  1  4 

ssiir*. 

’““‘Aik  *  “S"8 

sulphur  for,  62 

propevtie.  of,  M 
alloying  power  of,  10 
base,  14 
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Metals,  base,  alloys  of  copper  with  the,  137 
bearing,  300-307 

analyses  of,  306,  307 
chemical  combinations  between,  9 
relations  of  the,  14—21, 
combination  of,  with  non-metallic 
elements,  130,  131 

combinations  of,  with  sulphur,  62, 
63 

common  properties  of,  13,  14 
conductivity  of,  for  electricity,  113, 
114 

of,  for  beat,  24 
crystallization  of,  140-142 
D’Arcet’s  gilding,  150 
decomposition  of  water  by,  17,  18 
determination  of  the  impurities  of, 
477-489 

diversity  in  color  of,  114,  115 
endeavor  of,  to  combine  with  one 
another,  1 
for  bearings,  236 
for  the  manufacture  of  sheet  brass, 
144,  145 

fused,  formula  for  calculating  the 
temperature  of,  107 
process  of  measuring  the  tern, 
perature  of,  106,  107 
groups  of,  1 5 
heavy,  15 

groups  of,  17,  18 
special  properties  of,  35-65 
incompleteness  of  the  knowledge 
of,  5 

influence  of  carbon,  sulphur,  plios 
phorus  and  arsenic  upon,  19,  20 
knowledge  in  the  art  of  mixing  bv 
the  Greeks,  2 
light,  15 

liquation  in  working,  66,  67 
liquid,  solidification  of,  67  68 
lustre  of,  12 

machine,  for  various  purposes,  237 
malleability  of,  12,  13 
mixtures  of,  in  the  Middle  Ages,  4 
known  up  to  the  time  of 
Charlemagne,  3 

noble,  14,  15 

alloying  of,  2,  3 

number  of  elementary  bodies  be¬ 
longing  to  the  class  of,  5 
ot  the  alkaline  earths,  16 

special  properties 
„  of  the,  22,  23 

earths  proper,  16,  17 

special  properties 

KffiftEr/’4' 


of. 


alloys  of,  128 


Metals,  physical  and  chemical  relations  of 
'  the,  11-21 
relations  of  the,  12-14 
resistance  of,  to  calcium  hydrate,  487 
scale  of  colors  of,  115 
solution  of,  477 

special  properties  of  the,  22-65 
succession  in  fusing,  in  preparing 
alloys,  127,  128 
table  of,  21 

specific  gravities  and  melt¬ 
ing  points  of  the  princi¬ 
pal,  65 

waste,  recovery  of,  501-506 
white,  300-307 
testing  of,  488 
Metalline,  340 
Metalloids,  11 
Meteorites,  36 

Mierzinski,  solder  for  aluminium  bronze, 
recommended  by,  342 
MilaD,  weight  of  large  bell  in,  225 
Minargent,  400 
Minofor  metal,  359 
Mira  metal,  318 
Mirror-metal,  Cooper’s,  423 
Mirrors,  amalgam  for,  435,  436 
concave,  alloy  for,  242 
Missouri  zinc,  145 
Mitis  castings,  321 
Miyu-nagashi,  399 
Molybdenum,  50,  51 
Moku-me,  399,  400  f 

Montefiori,  Levi  and  Kiinzel,  first  u 
phosphor  bronze  by,  243  ,  4 

Moors,  development  of  chemistry  )  > 

M  or  fit,  C.,  nickel-copper  alloy  o  , 
Mosaic  gold,  149  ,  ,la;n. 

Moscow,  Russia,  weight  of  large 

225 

Mould  used  in  casting  statue  hr 
258  r 

Moulds  for  Britannia  metal, 

casting  articles  ot  brass 

bcl,S’  22°-,  r  980 
German  silver,  3b-' 

gold,  406  - 

ingots  of  brass,  • 

plate  brass,  U0-M- 

pressed  glass,  allojs 

445  043  344 

Mourey’s  aluminium  solders, 

Mousset’s  silver  alloy,  392 

Muffle  furnaces,  293,  294 

Munich,  furnace  used 

foundry  at,  257  ^ 

Muntz  metal,  151,  152  ^ 

Music,  plates  for  engravings  ggfor, 
Musical  instruments,  shec 


170 


in 


the 


Boy 


444, 


at 
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objects,  impressions  j  be„  in,  225 

Parkes.  preparation  of  cupro-manganes 

a°by  ^cutters  proposed0^^,  352 

-"£«sr;pro- 

manganese  by,  31- 

Patina,  491  , 

brown,  upon  metals,  4 

composition  of.  I-1 
formation  of,  120 
--pen  upon  brass,  492, 
green,  up  finer  similar  to, 

production  of  a  coaling 

Patterns.  sum”- •JJgJ  ^ts,’  MJ 

p"E!  introdnetion  Pot'  church  bells 

e-  *• 

Pen's,  «ylo*?*P“c',f2n4“f0t' 425 

«*■  250 

'^SS£T5.*SiS 

ftnftly3fo?  Phosphorus  in,  247 

content  of  pnosp 

definition  ®*>  -*  »of  249 
Hoper’s,  an*  -  ^  245 

preparatio  o.  lL.jum 

resistance  of, 

drate.  487 
sorts  of,  247, 

uses  of  K 

of  the 

°f-  254  f  9A* 

preparation  o»,  «« 

-copper,  preparation  ot,  -45 
.iridium,  42a,  42 
-lead  bronzes.  * 

131  .  , _  9.P7 


JATDRAL  history 
\  of,  439 
eusilber,  269 
lewton’s  metal,  380 
lickel,  alloying  power  of,  41,  42 
alloys,  41,  268-298 
properties  of,  274 
table  of  analyses  of,  283-286 
various,  analyses  of,  286 
-aluminium,  340 
and  steel  alloy,  42 
bronze,  278 
coinage  of,  42 

coloring  power  of,  116,  117 
-copper  alloys,  270,  271 
coins,  270 

-zinc  alloys,  271-275 
determination  of.  480 
effect  of,  upon  bronze,  202 
copper,  133 

metallic,  preparation  of,  40 
metals  allied  to,  273 
ores,  occurrence  of,  40 
reduction  of  272,  273 
properties  of,  40-42 
purification  of,  389 
refining  and  toughening 
sources  of,  272 
-speiss,  treatment  of,  389 
steel,  294-298 

testing  of,  489  505 

.  waste,  utilization  ot, 
Nickelu-spiegei,  Marbeau  s, 

^oble  metals,  14,  15 
Noiumetals,  1 1 

table  of,  21 
Nfimberg  gold,  405 


regu- 


225 


IUTZ,  weight  4 

nion’s  fusible  ft  ^ition  of) 

tnce-bronze,  co>«  223 

cooling  >b  for  cftSt,t 
temper*^® 

229  .  f  69,  70 

French.  conipo*,U°  222 

02ld7cft«"on  iU  CttS 
use  of  oiu  ~ 

ile.  18l>  lrf  ,  54 

Se«l  u*ttity  °‘  '^onze!,:2r0^308 

effect  of>  °’  ^  p|kcktoog-  2t'8 

-Si‘ve5 
ra  34 


hy- 


use 


content  of,  in  phosphor-bronze,  247 
effect  of,  upon  bronze,  -0  - 
copper,  ld4 
iron,  64 

the  strength  of  copper- 
tin  alloys.  98 

influence  of,  upon  a  metal,  19,  20 

properties  of,  64.  65 

role  of,  in  phosphor-bronze,  243,  244 
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Pickle  for  giving  brass  a  dull,  lustreless 
surface,  177 

Pickles,  properties  of,  176 
Pickling  brass,  175-177 
solution.  398,  399 
Pinchbeck,  181 

Pipes,  lead  and  tin.  solder  for,  458 
Pirsch's  patented  German  silver,  281 
Pirsch-Baudoin's  alloy,  401,  402 
Pittsburgh  Reduction  Co.,  preparation 
of  aluminium  by  the,  27-30 
Pivot  bearings,  alloy  for.  305 
Plate  brass,  casting  of,  170-175 
Platina,  184 
Platine  au  titre.  418 
Platinoid,  280,  281 
Platinor,  419 

Platinum,  alloying  power  of,  60 

alloys  of,  with  the  base  metals,  420, 
421 


preparation  of,  on  a  small 
scale,  416,  417 
properties  of,  4 1 5 
-aluminium  solder,  345 
and  platinum  metals,  alloys  of,  415- 
426 


Birmingham,  189 
-bronze,  419,  420 
-copper  alloys,  421,  422 
determination  of,  482 
furnace  for  melting,  415,  416 
-gold  alloys,  417,  418 

-silver-palladium  alloys, 
419 


-iridium  alloys,  417,  424 
-lead,  189 

metals,  amalgams  of  the,  432 
associated  with,  59 
native,  415 
properties  of,  59,  60 
-silver  alloys,  418 
Pliny,  reference  to  brass  by  9 
Plumbers’  sealed  solder,  458  “ 
Plumber’s  work,  ordinary,  solders 

45o 


Potassium,  16,  22 
Potingris,  147,  148 
Putin  jaune,  147,  148 
Prechtl’s  brass  solders, 
Prince’s  metal,  150 
Putty-powder,  53 
Pyrolusite,  38 


463 


418, 


for, 


Ql-ARTZJJAND,  use  of,  as  „  4,2_ 

Quicksilver,  properties  of,  56,  57 

REC0Xynibr,ro”-»>x, 

1  nd  brass  turnings,  5 


mixture 
506 


Recovery  of  copper,  505 

of  waste  metals,  501-506 
Red  brass,  177—188 

bearings.  301 

Regnault,  law  of  the  specific  heat  of  al¬ 
loys  announced  by,  111,  112 
Reich  and  Richter,  discovery  of  iridium 
by,  48 

Reverberatory  open  hearth  furnace,  125 
Rhodium  steel,  424 
Richards’  bronze,  336 

solder  for  aluminium,  346-348 
Richards,  Dr.  J.  W.,  on  the  specific  heat 
of  aluminium,  23 

Riche,  determination  of  the  specific 
gravity  of  copper  zinc  alloys  by, 
79,  80 

experiments  of,  with  copper  tin  al¬ 
loys,  76-79 

and  Thurston,  determinations  of 
specific  gravities  of  copper-tin 
alloys  by,  74,  75 

Riley,  James,  on  nickel  and  steel  alloy, 
42 

on  nickel-steel,  297,  298 
Ring,  broken,  to  solder  a.  475 
Roberts,  Austen,  Prof.  W.  C.,  examples 
of  Japanese  alloys  given  by,  396- 
400 

determination  of  the  specific  gravity 
of  copper-gold  alloys  by,  81,82 
Robertson  alloy  for  filling  teeth,  452 
Rocks,  aluminium-bearing,  24,  25 
Rome,  early  trade  in  brass  in,  2 
weight  of  large  bell  in,  225 
Ronia  metal,  150 

Roose,  H.,  alloys  for  white  metal  bear¬ 
ings,  used  in  the  factoi’y  ot,  3<> 
Rose’s  alloys,  380,  381 
Rosine,  340  . 

Ross,  D.,  best  proportions  for  specu  u 
metal  according  to,  241  ^ 

Rosse  telescope,  mirror  of  the,  24- 
llosthorn’s  factory,  sterro-metal  fro™)  ^ 
Baron,  tests  of  sterro-metal 1  b>, 
Ruolz  alloys,  analyses  of,  285,  28<> 

Rust,  noble,  491 


SAFETY-PLATES,  380,  381 

Salgee  anti-friction  metal,  . 

Salindres,  preparation  of  alumimu 


!5-27 

mmon,  solutions  of,  7,  8  ,  tjD 

utions,  action  of,  up°n 
illoys,  122-124  d  cop- 

esistance  of  copper-tm  * 

>er-zinc  alloys  to,  11»>  1  "tented 
C..  aluminium  solder  P 
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Saxonia.  resistance  of,  to  calcium  hy¬ 
drate,  487 
Scheelite,  50 

Schlosser,  solder  for  aluminium  bronze 
given  by,  342,  343 

Schneider,  Henri,  patents  of,  for  copper 
steel,  310,  311 

Henry,  patents  of,  for  nickel-steel, 
294-296 
Scrapers,  449 

Sea-water,  influence  of,  upon  copper- 
zinc  and  copper-zinc-tin  alloys, 
120 

^‘lt,  E.  D.,  on  the  preparation  of  alu¬ 
minium,  25-27 

^haft-fUrnace,  French,  221,  222 
Shaku  do,  396,  397 

‘-haw,  Tlios.,  phosphor- aluminium 
bronze  patented  by,  249,  250 
bheet  brass,  144-146 
Shibu-ichi,  397 

^hip,  sheathing  bronze  for,  234 
^  Gedge's  allo}r  for,  154 

&hot-  casting  of,  367-370 

formation  of,  by  centrifugal  power, 
368 


metal.  364-371 
sorting  of,  370,  371 
towers  and  wells,  367 

smens  regenerative  gas  reverberatory 

furnaces,  173 

Jesian  zinc,  145  „  134 

Hcium,  effect  of,  upon  copp1'-  • 

Hcon,  action  of,  upon  copp1  > 

bronze,  250-254  ,  phone  wire, 

telegraph  and  t  \  252 

composition  o  .  *  silver,  ‘-73 

l^er,  addition  of,  to  (T^Jnl 
alloy,  Mousset's,  - 
alloys,  385-40*2  metals,  393 
of,  with  varu'“0_402,  444 

resembling,  40°  ^ 

aluminium  alio}8, 
amalgam,  «0  tion8  of,  ^ 

and  gold,  cou  , 

-arsenic  mctal>  “ 

beautiful  *  *o0  40 1 
sembling^’ 

bell-im'tn  ♦ 

casting-  oft  tor  4(} 
chloride  in'11'.  '  0f.  5<>l 

^‘•"fcountri^,  conipo 
of  v‘r,:’i  a95 

-coprr  of,  105 


Silver-copper  alloys,  fusing  point  of,  109 
hardness  of,  103 
liquation  of,  70,  71,  394 
-cadmium  alloys,  392,  393 
-nickel  alloys,  387 

-zinc  alloys,  391,  392 
determination  of,  478 
effect  of  alloying  upon  the  ductility 
of,  104,  105 
upon  copper,  133 
-eold  alloys,  fusing  point  of,  109 

specific  gravity  of,  82,  83 


group,  55-58  . 

-lead  alloys,  specific  gravity  of,  84 
-mercury  alloys,  crystallization  of, 
96 

sign-plates,  alloy  tor,  4o3,  454 

method. 504 
from  old  cyan'de  solu- 

tianC  nl)4 


separating  of,  o03,  504 
separation  of.  from  copper.  o0o 
solder  for  cast  iron,  4bi 
steel,  467,  4b8 
ordinary  hard,  466 
soft.  467 

adders,  hard,  467  . 

ware,  fineness  of  silver  used  in  the 
manufacture  of.39o 
waste,  recovery  of.  50 I -o 03 
.zinc  alloys,  386,  38 1 
verine,  269 

vering,  alloy  tor,  451,  4o- 
glass  globes,  amalgam  tor,  441 

nilor,  180  noa  990 

.ich  bells,  alloys  for.  2*8, 

American,  4o2,  453 

iVh  D.  invention  of.  for  manufactur- 
1  ing  drop  shot,  368-370 
[Hum.  16 

amalgam,  442,  443 
properties  of,  22 
ft  solders.  457-460 
ider,  argentnn,  464-466 
bismuth.  459 
brass.  460—464 
for  enameled  work.  469 


hard,  preparation  of,  461,462 

table  of  composition  of,  462,  463 
judging  the  quality  of  a,  459 
plumbers’  sealed.  458 
soft,  preparation  of,  459 
Soldering  aluminium.  343-348 
bronre,  341-343 
autogenous,  456 
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Soldering,  conditions  to  be  observed  in, 
456 

definition  of,  455 
fat,  preparation  of,  471,  472 
fluids,  470-472 
handling  the  work  in,  457 
jewelry.  475,  476 
pan, 475, 476  ^ 

preparation  of  articles  for,  4<0,  4 1 1 
treatment  of  solders  in,  470-474 
Solders  and  soldering,  455-476 

composition  and  melting  points  of, 
474 


Steel,  19 

addition  of  platinum  to,  420 
argentan  solder  for,  465 
•bronze,  223,  224 
composition,  446 
effect  of  tungsten  on,  50 
silver  solder  for,  467,  468 
solder  for.  458 

tools,  small,  baths  for  tempering, 
383.  384 

Sterling  metal,  147,  148 

Sterro  metal,  154.  155 

Stopcocks,  alloy  for.  which  deposits  no 


containing  precious  metals,  466-470 
fluxes,  used  for,  474 
for  aluminium,  343-348 
bronze,  342,  343 
gold,  468-470 
hard,  460-466 
soft,  457-460 

coloring  of,  499,  500 
testing  of,  488 

treatment  of  in  soldering,  470 
varieties  of,  455 

Solutions,  change  in  the  physical  proper 
ties  of,  7 
crystals  id,  8 

Sorel’s  alloys,  189,  190 

South  Boston  Iron  Works,  tests  of  alu 
minium-bronze  at  the,  333 

Sovereign,  English,  remedy  allowed  for 
wear  of,  410 

Spandau  gun-foundry,  double  furnace 

in  use  at  the,  220,  221 

Spanish  zinc,  145 

Specific  gravities  of  the  principal  metals 
65 

for  calculating, 


verdigris,  305 
Strabo,  mention  by,  of  an  alloy  of  cop¬ 
per  and  zinc,  138 
Stream. tin,  51 
Strength  of  alloys,  97-100 
Strontianite.  16 
Strontium,  16,  22,  23 
Sulil  white  copper,  268,  269 
Sullage  piece,  219  .  , 

Sulphur,  combination  of  metals  > 
131 

effect  of,  upon  bronze,  202 

copper,  134  20 

influence  of,  upon  a  meta  ,  > 

properties  of,  62,  63  for 

Sulphuretted  hydrogen,  appara 
the  production  of,  478—480 
Sun-bronze,  340  .,31<  270, 

Switzerland,  baser  coin  ot.  -> 

392  r  and  sil^ 

Sweepings,  recovery  of  g 

from,  501  ,.  .>i 

Symbols  of  elementary  bodies, 


gravity,  formula* 

73,  74 
of  alloys,  71-95 
heat  of  alloys,  1 11,  112 
peculum  metal,  composition  of  some 
alloys  used  for,  242 
kpeiss,  40 
Spelter,  45 

Spence’s  metal,  447,  448 
Spoons,  alloy  for,  444 

German  silver  for.  276 
Speculum  metal,  240-242 
S  andard  gold,  410-412 
statue  bronze,  254-258 

eolor  of,  255,  256 

uhltingr  ' nd,CrtSt*ng,  257,  258 
ab  e  ot  alloys  of  different 

W,,“tWe2Sr’  250 

St«luctte',‘sin”';|,osition  of.  250 
’  stnal‘>  Manufacture 


,.  ooq  229 

rPABLE  bells,  alloys  for,  _  uitable 
1  of  alloy.  of  different  colors 

for  statue  bronze,  -  j ,eet  and 

of  analyses  of  brass  lor  s 

wire,  1*  7 

cast  brass,  g3^ 
allo}^ 


nickel 
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colored  gold  alloys,*  oi 

composition  and  ®elH0U 
solders,  and  ot  35(5 
of  celebrated  s»™' 
compositions  ot 

bronzes,  216 

elementary  b°>  ie.!j’  fixed  t5 

e<"d  “"°-'SvSoisJ 

used  by  jewe,er3'  , 

SO'der„Sf  Soratio"  Prf,6 

intensity  of  00  d  z,nti 
by  copper,  tin  a» 


of 


440 


of,  439, 


412, 413 
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Table  of  lacquers,  491 

properties  of  copper-tin  alloys, 

259-264 
-zinc  alloys, 
144,192- 
195 

soft  solders,  458 
specific  gravities  and  melting 
points  of  the 
principal  met¬ 
als,  65 

of  antimony-bismuth 
alloys, 85 
-lead  al¬ 
loys,  86 
-tin  alloys, 
85 

of  bismuth-gold  al¬ 
loys,  92 
-lead  al¬ 
loys,  92 
-silver  al¬ 
loys,  91 

of  cadmium-bismuth 

alloys, 

90 

-lead  al¬ 
loys,  91 

of  copper-gold  alloys, 
82 

-silver  al¬ 
loys,  81 
-tin  alloys, 


75 

-zinc-  alloys, 
80 

of  lead-gold  alloys, 

83 

-mercury  al¬ 
loys,  93 

orsn-l"5' 

.lead  alloys, 

84 

of  tin-bismuth  alloys, 

87  i, 

-cadmium  * 

loys,  » 1  M 
.gold  alloys,  89 

.lead  all°}8’  j‘_ 
-mercury 

owing  con  9  m64 

-i# 


Table  showing  composition  of  ordnance 

bronze 
of  var- 
i  o  u  s 
times 
and 
differ  - 
e  n  t 
coun¬ 
tries, 
224 

silver 
coins 
of  var- 
i  o  u  s 
coun¬ 
tries, 
395 

tombac, 

179 

fineness  of  gold  coins  of  various 
countries,  410,  411 

Tables  showing  composition  of  calico- 
printing  rollers,  450,  451 
Talmi  gold,  182,  183 
Tam-tams,  Chinese,  227,  228 
Teeth,  amalgam  for  filling,  435 

Robertson  alloy  for  filling,  452 
Telegraph  wire,  silicon  bronze,  251,  252 
Telephone  lines,  bronze  for,  252-254 
Testing  brass,  484,  485 
Britannia  metal,  485 
bronze,  485,  486 
German  silver,  486 
gold  ware,  486,  487 
mercury,  488 
nickel,  489 
soft  solders,  488 
tin,  488 

white  metals,  488 
Thallium,  properties  of,  54 
Thermo-electric  piles,  nickel  alloys  for, 

275 

Thowles,  O.  M.,  aluminium  solder,  pat¬ 
ented  by,  345,  346 

Thurston,  Prof.  R.  H.,  experiments  of, 
on  the  strength  of  cop¬ 
per-tin  alloys,  97,  98 
note  by,  on  the  properties 
of  copper-zinc  alloys, 
196-198 

sorts  of  phosphor-bronze 
according  to,  247,  248 
Tiers  argent,  386 
Tin,  alloying  power  of,  53 
alloys,  349—359 

most  frequently  used,  299,  300 
of,  with  little  copper,  and  addi¬ 
tions  of  antimony, etc., 299-307 


52G 
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Tin  amalgam,  434,  435 

amalgams,  specific  gravities  of,  93 
-antimony  alloys,  fusing  point  of,  110 
-bismuth  alloys,  specific  gravities 
of,  87,  88 

-cadmium  alloys,  specific  gravity  of1 
86,  87 

commercial,  analyses  of,  52 
-cry,  the,  52,  53 
determination  of,  482 
effect  of  different  metals  on,  299,  300 
on  brass,  143 
on  copper,  114.  133 
on  German  silver,  274 
-foil  for  soldering,  457,  458 
-foil,  to  distinguish,  from  lead-foil, 
487,  488 

-gold  alloys,  specific  gravities  of, 
89,  90 

group,  51-53 

intensity  of  coloration  produced  bv, 
116  J 
-lead  alloys,  349-352 

densities  of,  349,  350 
melting  points  of,  351 
specific  gravity  of,  88,  89 
lead  to  detect  in,  488 

-mercury  alloys,  specific  gravities 

ui  j  y o 

-pipes,  solder  for,  458 

-plate  waste,  recovery  of  tin  from, 


properties  of.  51-53 
recovery  of,  from  tin-plate  wasP 
resistance  of,  to  calcium  hyc 

-*Uver_ail0}.St  specific  grav.ty 

testing  of,  488 

use  ot,  as  a  solder.  457 

inning,  amalgam  for,  436  437 

’  31 

wTm' 157' 206 

384  ’  b  hs  for  tempering, 

loucas’s  alloy,  282 

’'“"Stenl'lS  btaSS  f°r’  l«,  149 

discovery  0f.  5o 
?r«up.  49-51 

T«?5HF™tio"of’50 

*  easting,  362 


Type-metal,  361-364 
alloy  for,  341 
English,  362,  363 
Erhart’s,  363 
French,  362,  363 
Types,  manufacture  of,  363,  364 


UNITED  STATES  government,  results 
of  armor-plate  tests  by 
the,  42 

manufacture  of  zinc  in  the, 
45 

nickel  coinage  in  the,  42 
nickel-copper  coins  of,  270 
tin  in  the,  51 
zinc  ores  in  the,  44 
Uranium,  43,  44 

Utensils  used  in  the  manufacture  of  al¬ 


loys,  125 


VALENCIENNES,  preparation  of  cu- 
pro  manganese  by,  314 
Valve  balls,  bronze  for,  237 
Vanadium.  50,  51 

Van  der  Ven,  E.,  researches  of,  on  bronze 
for  telephone  lines,  252,  253 
Vienna,  metallic  cement,  434 
weight  of  large  bell  in,  225 
Vinegar,  action  of,  upon  lead-tin  alloys, 
122-124 


WAGON  axle  boxes,  alloy  for,  305 
Warne’s  metal,  400 

Washington  Navy  Yard,  test  of  alu¬ 
minium  bronze  at  the,  333 
Waste  gold,  recovery  of,  501-503 
metals,  recovery  of,  501-506 
silver,  recovery  of,  501-503 
Watch  manufacturers,  alloys  for,  424, 
Water,  amalgamating,  431  ^g 

decomposition  of,  by  metals,  J> 
mixture  of,  with  sulphuric  acu  ,  < 
point  of  greatest  density  of,  « - 
recovery  of  gold  and  silver  r 


501,  502 
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Watts,  invention  by,  of  casting  sho  , 
Weber,  R.,  experiments  of,  on  J  l(p 
havior  of  lead-tin  alloys  to  war  -s 
gar,  124.  ?9 

Webster’s  bismuth  bronze,  2(8,-  , 

Webster  Crown  Metal  Co.,  Engluu  > 
loys  made  by  the,  336-339 
Weiller's  alloy,  250  minium 

West,  Thomas  D.,  on  casting  fllu 
bronze  and  other  strong  metu  > 
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White  metal,  188-191,  300,  300,  30I, 

bearings,  advantages 
302 
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White  metal  bearings,  alloys  for,  305 

composition  of,  for  machines, 
305 

English,  305 
ordinary  English,  191 
metals  for  bearings,  composition  of, 
303 

testing  of,  488 

Wiggin  on  cobalt  bronze,  39,  40,  307 
Wire,  analyses  of  brass  for,  145,  146 
binding,  457 

phosphor-bronze,  preparation  of,  246 
sheet  brass  for  the  manufacture  of, 
144-146 

Wood-grain,  399,  400 
Wood’s  alloy  or  metal,  375 
Wyoming,  tin  in,  52 

Yellow  metal,  151, 152 

solder,  461 

ZINC,  alloying  power  of,  46 
amalgam,  437 
bronzing  liquids  for,  496 


Zinc,  commercial,  foreign  metals  in,  1 
ductility  of,  105 
effect  of,  upon  bronze,  200,  201 
upon  copper,  104,  133 
upon  the  ductility  of  gold- 
copper  and  silver-copper 
alloys,  105 
group,  44-49 

intensity  of  coloration  produced  by, 
116 

-iron,  447 

metallic,  discovery  of,  44 
Missouri,  145 
ores,  occurrence  of,  44 
precipitating  gold  by,  503 
properties  of,  44-46 
separation  of  lead  from,  506 
Silesian,  145 
Spanish,  145 

-tin  alloys,  expansion  of,  by  heat,  1 1 1 
hardness  of,  104 
liquation  of,  71 
white,  45 
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ELECTROPLATING  OUTFITS 

FOR 

GOLD,  SILVER,  NICKEL,  COPPER,  ETC. 


Just  a  Word  about  Dynamos. 

Did  you  know  that  all  the  early  experi¬ 
ments  and  improvements  in  dynamos  were 
made  with  a  view  of  perfecting  an  electrical 
machine  for  plating,  and  that  this  success 
Was  the  forerunner  of  all  the  magnificent 
dynamo  machines  for  other  purposes  in 

such  general  use  to-day 

In  1876  we  began  manufacturing  the 

“Weston”  Dynamo 
for  electro-plating. 
This  was  the  first 
machine  in  the  mar¬ 
ket.  It  met  with 
pronounced  success, 
and  to  it  can  be 
traced  the  sudden 
ment  of  electro-plating  and  electro- 
deveiop  Qf  these  machines  are  still 

typing* 

in  use. 
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&  Van  Winkle  Co.,  Newark,  N.  J.,  U.  S.  A. 


In  1885  we 
brought  out  the 
“  Little  Wonder” 
Dvnamo.  It  be¬ 
came  very  popular. 
Over  one  thousand 
were  sold. 


In  1886  we  be¬ 
gan  manufacturing 
the  “Wonder” 

Dynamo.  It  em¬ 
bodied  many  new 
improvements,  and 
we  thought  then 
that  we  had  reached  perfection.  ^ 

In  1891  electrical  science  ha 

oped  so  many  e" 

tirely  new  featurC  ’ 
that  in  order 
maintain  our  e 
nent  po**®  ' 

leaders  i» 

duction  ot  P 

Tj  ^  V  * 

machines,  we  brought  out  our  • 
Dynamo.  It  embodied  every 
and  has  had  a  remarkable  sale. 

On  the  following  page  we  show  for  the  first  ^nVL«amos 
Dynamo.  Thin  also  marks  a  new  era  in  plating  . 


The 
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you  are  interested  t  ingf  Electro-refining  of  Met- 

ally  feel  interna  '  •  0f  development, 

industries  to  the  h.ghe  wc  are 

‘“eC"V°  ofrmUinrWhich  will  material,,- 
urging  the!  point. 

aid  you  m  h-tvle  machines  have  no  idea 

y  rt„iv  used  the  • o  ^  recentlv  been  made  in 

who  have  o  .  eJlleots  -tha  ements  that  save  time, 

of  the  i*«P£  avnamos ;  >mi 

this  class^  trouble. 

nionc>t  erai  marked  improvements  on  the  old 

ire  »rC  .  vrhich  *re}  the  nevv  H.  <fc  V.  W.f  while  em- 
dvnan1'  iTJ£lCbmes,  -nts  found  in  other  modem  ma- 

style  °*  ali  the  go  it  'rovemeuts  distinctively  its  own 
bracing  sev°  £  of  experimenting. 

oh,n^’the  result  oi  >  3 


C--  . 

and  is 


Hanson  &  Van  Winkle  Co.,  Newark,  N.  J.,  U.  S.  A. 


Nickel : 
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W e  are  first  hands  in  nickel 
and  other  metals,  and  the 
largest  manufacturers  of  the 
various  Metallic  Salts;  of 
Nickel,  Silver,  Copper  and 
Gold,  and  of  Cyanide  of  Po¬ 
tassium. 

Plating  Solutions: 

We  furnish  Concentrated 
Plating  Solutions  of  Silver, 
Gold,  Copper,  Nickel,  Brass, 
etc. 


Batteries : 

Of  all  kinds.  Our  No.  I  I  • 
&  V.  W.  Battery  has  had  a 
larger  sale  than  any  othei 
for  Electro-Plating  and  ex¬ 


perimental  work. 


nodes: 

Our  Cast  Nickel  Anodes  a 
standard  for  whitest  resU 
Anodes  of  Nickel,  Si '  ’ 

Gold,  Electro-deposited  ^ 

per,  Brass,  etc.  N  ic 
ings. 

'auks:  ;y0od, 

Porcelain-lined,  B  ’  g 

Slate,  etc.,  for  all  purP°  " 

jfiequer** :  ,.^5  for 

Patent  Celluloid  and 


colored  Lacquers. 
Chemical  Solatia1’  g(lflie, 
For  removing  sal1^ 
etc.,  from  castings?  e 


TheHansou  *  Van  Winfr^Newa^  N.  j,  0.  s. , 

No.  4  Polishing  and  Buffing  Lathe 


- O  . 

1 

■  -•Ml  (  ^  M  1 

j;,; 

iq  fNCH  Diameter  in  Boxes. 
Spindle  50  Inches  Long,  if 

k  ]  t  jH  fitted  with  extra  long 
Tl»is  machine  is  designed  for  h^v^l°f!k,nt  bearing  to  insure  stiffness, 
^bitted  boxes,  giving  the  rcdueed  the  width  of  head  that 

'ithout  sacrificing  strength,  we  1;  ^ 1  bIe  by  nmnufacturers  of  large, 


.  chandelier  or  car  pleces.  With  tnu 

erference  when  working  o'  lightest  jar  or  f'l)r 

!  a  largo  wheel  without  K  most  salable  Polish- 

,do  of  one  ot  ou 

We  show  above  a  sanil 


*hg  Lathes. 


f5 


The  Hanson 


&  Van  Winkle  Co.,  Newark,  N.  J.,  U.  S.  A. 


We  manufacture  a  complete  line  of  — «— 

GRINDING, 


Polishing  and  Buffing  Machines, 


and  all  the 

Various  Wheels  and  Buffs  and  Grinding 
and  Polishing  Material. 


FELT 
COMPRESS 
EMER  Y 
CROCUS 
WALRUS 
PAPER 


VIENNA  LINE 

CAR BOP END1  ^ 

IVOOD 
sheepskin 
rouge 

pU0ch 
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rppjpoLI  COMPOSITION. 

m  •  ^  ...  -Q  pcr,ecially  adapted  for  cutting  down 

Tnpol,  Composition  e.  F  J  metals  pre- 

ana  polishing  Brass.  Bronze,  Britannia, 

paratory  to  plating. 

.,.  n  o  S  for  cutting  and  polishing,  .  per  lb. 
Standard  Tripoli  Composi  i  »  ^  yery  greasy, 

-vr^  A  hard  and  fast  cutting,  • 


<  c 
< < 
ii 


a 


a 

i  c 


JY.L  y  y  J  O  *  # 

7^0  6,  hard  and  fast  cutting,  . 
ii  yery  fast  cutting, 

No.  9,  similar  to  O  S,  slightly  sharper, 


<  i 

i  < 

ii 
U 


CROCUS  COMPOSITION. 

.  piroelv  used  by  stove  manufacturers 
’rocus  Comp°sltlon  luce  smooth  finished  surface  on  cast 
1  others  desiring  to  1»- 

n  and  steel.  . 

aV  fast  cutting,  •  . 

»d  f»*  <="t,"'s’ 

r  F’  ,  evtra  fast  cutting,  • 

/ — ,  dry  and  extr 

C?/  «„c..Sr»ac»ftl.i-— . 

a  very  hncS  B  .  . 

In’ery  <***’  \n  cartridges,  all  numbers,  ... 

linery^c^.  powdered,  in  kegs  and  casks,  .  .  . 


per  lb. 
« < 


ii 

a 
1 1 
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XXX  BUFFING  COMPOUND. 

For  polishing  and  coloring  all  metals  where  the  higher 
color  is  required,  with  the  greatest  economy  of  time,  and  es¬ 
pecially  for  work  that  is  engraved  or  ornamented  where  rouge 
is  objectionable. 

Put  up  in  cakes  similar  to  Tripoli,  .  .  per  lb. 

VIENNA  LIME. 

We  are  the  largest  importers  of  this  article,  and  furnish  it 
both  in  lump  and  powder,  and  send  full  instructions  for  get¬ 
ting  best  results.  There  is  an  increasing  demand  for  this 
article  for  nickel  and  other  work,  and  we  are  paying  special 
attention  to  the  quality. 


Our  160-page  Catalogue  mailed  on  application,  free  of  postage , 
to  any  address  in  the  world. 


THE  HANSON  X  VAN  WINKLE  CO., 

MANUFACTORY  AND  OFFICES: 

210  &  *2  21  NX  a  rl^et  Street, 

NEWARK,  N.  J.,  U.  S.  A. 


NEW  YORK  OFFICE : 

81  Liberty  Street. 


WESTERN  BRANCH I: 


J-  E.  HARTLEY  &  CO- . 

SOLE  EUROPEAN  AGENTS, 

St.  Paul  Square,  Birmingham,  England. 


CJLTJ^LOO-'OrEJ 

OF 

practical  and  (Scientific  Boolp 

PUBLISHED  BY 

Henry  Carey  Baird  &  Co. 

INDUSTRIAL  PUBLISHERS,  BOOKSELLERS  AND  IMPORTERS 

810  Walnut  Street,  Philadelphia. 


Any  of  the  Books  comprised  in  this  Catalogue  will  be  sent  by  mail,  freed 
postage,  to  any  address  in  the  world,  at  the  publication  prices. 

A  Descriptive  Catalogue,  90  pages,  8vo„  will  be  sent  free  andfreeof  postage, 
to  any  one  in  any  part  of  the  world,  who  will  furnish  his  address. 

•»- Wh.ro  not  otherwise  efted,  ,11  .(  the  Book.  i»  thi.  C.mlogh.  .r.  b.o.d 

in  mnslin, 


AMATEUR  MECHANICS  WORK1 SHOP.^  for  the  manipula- 

A  treatise  containing  plan  ludi  Casting,  Forging  Brazing, 
tion  of  Wood  and  Meta  ,  iut]10r  of  the  “Lathe  and  Iti 

Soldering  and  Carpentry.  ) _  d  gvo.  .  .  .  $2-So 

Uses.”  Seventh  edition.  ‘ 

ANDES.— Animal  Fats  anpii~jric 'tion  and  Uses;  their  Properties, 
Their  Practical  Production.  2  illustrations.  Svo.  » 

Falsification  and  Exanamatio  . 

ANDES. — Vegetable  h  atS ‘purification  and  Employment;  their 
Their  Practical  Preparatioi ,  ^xamination.  94  illustrations.  8vo. 
Properties,  Adulteration 

,  roach  Painters  : 

_  Guide  P  arioT,  Coach  Painter,  for 

ARLOT.— A  Comp  FfenCh  o  P  ‘\j.  Eherler,  Coach  Maker, 
Translated  from  t  .  pain.mg  1  *.  t-ncineer.  To  which  is 

eleven  years  Forema  Chemist^  meeting  the  Material* 

Paris.  By  A.  A-  I  fining  -  Varnishing  in  the 

added  an  Appendix,  d  Car  I  *  .  .  .  $1.2, 

and  the  Practice  of  Co  ,2mo 

United  States  and  Ore* 


(») 
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chinist’s  and  Engineer’s  Drawing  Companion: 

chimst  s  5Com.se  of  Mechanical  Engineering  and  Archi 

K~m  the  French  of  M  Armengaud  the  elder 
Prof  of  Design  in  the  Conservatoire  of  Arts  and  Industrj,  Ians,  and 
Armengaud  the  younger,  and  Amcroux  Civil  Engineers.  Re- 
written  and  arranged  with  additional  matter  and  plates,  selections  from 
InS  examples  of  "the  most  useful  and  generally  employed  mechan.sm 
of  the  dav  By  WILLIAM  JOHNSON,  Assoc.  Inst.  C.  L.  Illustrated 
by  fifty  folio  steel  plates,  and  fifty  wood-cuts.  A  new  edition,  4^ 

ARMSTRONG. — The  Construction  and  Management  of  Steam 

Boilers  * 

Bv  R.  Armstrong,  C.  E.  With  an  Appendix  by  Robert  Mallet, 
C.  E.,  F.  R.  S.  Seventh  Edition.  Illustrated.  1  vol.  i2mo.  .oo 

ARROWSMITH.— Paper-Hanger’s  Companion: 

A  Treatise  in  which  the  Practical  Operations  of  the  lrade  are 
Systematically  laid  down :  with  Copious  Directions  Preparatory  to 
Papering;  Preventives  against  the  Effect  of  Damp  on  Walls,  t  e 
various  Cements  and  Pastes  Adapted  to  the  Several  Purpo-es  01 
the  Trade;  Observations  and  Directions  for  the  Panelling  and 
Ornamenting  of  Rooms,  etc.  By  James  ARROWSMITH.  5  2 mo., 
cloth  *>l '°° 


ASHTON— The  Theory  and  Practice  of  the  Art  of  Designing 
Fancy  Cotton  and  Woollen  Cloths  from  Sample  : 

Giving  full  instructions  for  reducing  drafts,  as  well  as  the  method  »  0 
spooling  and  making  out  harness  for  cross  drafts  and  finding  an>  '  j 
quired  reed;  with  calculations  and  tables  of  yarn.  By  Frederic 
Ashton,  Designer,  West  Pittsfield,  Mass.  With  fifty-two  illustrations. 
One  vol.  folio . •  *5- 


ASKINSON. — Perfumes  and  their  Preparation  :  . 

A  Comprehensive  Treatise  on  Perfumery,  containing  Compic 
Directions  for  Making  Handkerchief  Perfumes,  Smelhng-bau>, 
Sachets,  Fumigating  Pastils;  Preparations  for  the  Care  of  the  c*  1  > 
the  Mouth,  the  Hair;  Cosmetics,  Hair  Dyes,  and  other  o'- 

Articles.  By  G.W.  Askinson.  Translated  from  the  German  by  Is 

It  RsT.  Revised  by  Charles  Rice.  32  Illustrations.  Svo.  a 
BRONGNIART. — Coloring  and  Decoration  of  Ceramic  YYare* 
8vo- . • 

— The  American  Cotton  Spinner,  anc  Manager 
Carder’s  Guide:  . 

A  Practical  Treatise  on  Cotton  Spinning;  giving  the  Dimension-  ^ 
Speed  of  Machinery,  Draught  and  Twist  Calculations,  e.c-« 
notices  of  recent  Improvements:  together  with  Rules  and  *  1  ^ 

■or  making  changes  in  the  sizes  and  numbers  ot  Roving  an 
Lompilea  front  the  papers  jf  the  late  Robert  H.  Baird.  1  ,c 
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SAKER. — Long-Span  Railway  Bridges: 

Comprising  Investigations  of  the  Comparative  Theoretical  and 
Practical  Advantages  of  the  various  Adopted  or  Proposed  I  ype 
Systems  of  Construction;  with  numerous  Formulae  and  Tables.  By 

B.  Baker.  i2mo . . 

BRANNT. — A  Practical  Treatise  on  Distillation  and  Rec¬ 
tification  of  Alcohol : 

Comprising  Raw  Materials  ;  Production  of  Malt  Preparation  of 
Mashes  and  of  Yeast  ;  Fermentation  ;  Distillation  and  Rectification 
and  Purification  of  Alcohol  ;  Preparation  of  Alcoholic  Liquors, 
Liquears,  Cordials,  Bitters,  Fruit  Essences,  Vinegar,  etc.;  Examina¬ 
tion  of  Materials  for  the  Preparation  of  Malt  as  well  as  of  the  Malt 
itself;  Examination  of  Mashes  before  and  after  Fermentation  ;  Alco- 
folometry,  with  Numerous  Comprehensive  Tables;  and  an  Appendix 
on  the  Manufacture  of  Compressed  Yeast  and  the  Examination  of 
Alcohol  and  Alcoholic  Liquors  for  Fusel  Oil  and  other  Impurities. 
By  William  T.  Brannt,  Editor  of  “The  Techno-Chemical  Receipt 
Book.”  Second  Edition.  Entirely  Rewritten.  Illustrated  by  105 
engravings.  460  pages,  8vo.  (Dec.,  I9°3)  •  ;  *  y"co 

BARR.— A  Practical  Treatise  on  the  Combustion  of  Coal : 
Including  descriptions  of  various  mechanical  devices  for ’  the  eco¬ 
nomic  Generation  of  Ileat  by  the  Combustion  of  ut  ,  v\  ie  1  ^  ^ 

“FprcHcal  Treatise  on  High  Pressure  Steam  Boilers : 
BARR —A  Practical  1  Experimental  Tests  of  Boiler  Materials, 

ncludmg  Results  of  Recent  P  d  Safety  Apparatus  Steam 

23bS— 1*  in  »«ual  use.  *,  "M.  M.  !*«. 

Containing  Outlines  o  Ores  Processes  of  Manufacture  of  Iron 

Assay,  and  Analysts  of  Iron  German,  F.  G.  S.,  Associate  of  the 
and  Steel,  etc.,  *  Fifth  Edition,  Revised  and  Enlarged. 

SEl1Sbwi'.l“u””"o«.  wood  Engravings  iron,  llrau.ng,  byj-B. 

B,KANNT.-Th«  Maumc  AU^ 

Vflnies  au  their  Applied'  m  he  •  )e  Recovcry  cf  Waste 

ITSPitu  “T&tr  34  Engravings.  A  New  Re 

tv  .  Hv  WILLIAM  V  CCA  oaues.  8vo.  .  .  $4-5° 

^dland  EoJarged_EdiUo«>.RJ5way  Curves  and  Location  of 


BEANS.— A  Treatise 

jJgTt***  c • E- 


Illustrated,  tamo.  Tucks 


Si. Sc 
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BELL.— Carpentry  Made  Easy : 

Or,  The  Science  and  Art  of  Framing  on  a  New  and  Improved 
System.  With  Specific  Instructions  for  Building  Balloon  Frames,  Barn 
Frames,  Mid  Frames,  Warehouses,  Church  Spires,  etc.  Comprising 
also  a  System  of  Bridge  Building,  with  Bills,  Estimates  of  Cost,  and 
valuable  Tables.  Illustrated  by  forty-four  plates,  comprising  aearlv 
200  figures.  By  William  E.  Bell,  Architect  and  Practical  Builder. 


8  vo. 


$5-oo 


BEMROSE.— Fret-Cutting  and  Perforated  Carving: 

With  fifty-three  practical  illustrations.  By  W.  Bemrose,  Jr.  i  vol. 

quarto . .  .  .  .  S2.50 

BEMROSE.— Manual  of  Buhl-work  and  Marquetry: 

With  Practical  Instructions  for  Learners,  and  ninety  colored  design^ 
By  W.  Bemrose,  Jr.  I  vol.  quarto  ....  $^.0( 

BEMROSE. — Manual  of  Wood  Carving: 

With  Practical  Illustrations  for  Learners  of  the  Art,  end  Original  and 
Selected  Designs.  By  William  Bemrose,  Jr.  With  an  Intro 
duction  by  Llewellyn  Je\VITT,  F.  S.  A.,  etc.  With  128  illustra 

tions,  4to. .  S2.50 

BERSCH. — Cellulose,  Cellulose  Products,  and  Rubber  Sub¬ 
stitutes  : 

Comprising  the  Preparation  of  Cellulose,  Parchment-Cellulose, 
Methods  of  Obtaining  Sugar,  Alcohol  and  Oxalic  Acid  from  W  ood- 
Cellulose  ;  Production  of  Nitro-Cellulose  and  Cellulose  Esters ; 
Manufacture  of  Artificial  Silk,  Viscose,  .Celluloid,  Rubber  Substi¬ 
tutes,  Oil-Rubber,  and  Faktis.  By  I)r.  Joseph  Bersch.  Trans¬ 
lated  by  William  T.  Brannt.  41  illustrations.  (10041.  $v°° 

BILLINGS.— Tobacco:  yJ 

Its  History,  Variety,  Culture,  Manufacture,  Commerce,  and  Various 
Modes  of  Use.  By  E.  R.  Billings.  Illustrated  by  nearly  20c 
engravings.  8vo . $3-oc 

BIRD.— The  American  Practical  Dyers’  Companion : 

Comprising  a  Description  of  the  Principal  Dve-Stuffs  and  Chemicals 
US.*J  ‘U  Dyeing>  their  Natures  and  Uses;  Mordants,  and  How  Made; 

the  best  American,  English,  French  and  German  processes  for 
Bleaching  and  Dyeing  Silk,  Wool,* Cotton,  Linen,  Flannel,  Felt, 
Uress  Goods  Mixed  and  Hosiery  Yarns,  Feathers,  Grass,  Felt,  Fur, 
oo  ,  an  Straw  Hats,  Jute  Yarn,  Vegetable  Ivory,  Mats,  Skins, 
Leather,  etc.,  rte.  By  Wood,  Aniline,  and  other  Processes, 
pF  •  uer  W  r  J^emar^s  Finishing  Agents,  and  Instructions  in  the 
°f  Furies,  Substitutes  for  'indigo,  Water- Proofing  of 
anH  lin’ TreStS^nd  Purification  of  Water,  Manufacture  of  Aniline 
inrr  in  11"  *  eW  ^*ares>  Harmonizing  Colors,  etc.,  etc. ;  embrac- 
i7o  n  /  cVer  ,8°°  ReceiPts  for  Colors  and  Shades,  accompanied  h 
Pracfir^i" n  'pl?  °l  Raw  Materials  and  Fabrics.  By  F.  J.  BiR». 
ctical  Dyer,  Author  of  “  The  Dyers  1  Iand-Book.”  Svo.  X  *7-5° 
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BLINN.— A  Practical  Workshop  Companion  for  Tin  Sheet- 
Iron,  and  Copper  plate  Workers:  eet 

Containing  Rules  for  describing  various  kinds  of  Patterns  used  by 
Im,  Sheet-Iron  and  Copper  plate  Workers;  Practical  Geometry: 
Mensuration  of  Surfaces  and  Solids;  Tables  of  the  Weights  of 
Metals,  Lead-pipe,  etc.;  Tables  of  Areas  and  Circumferencei 
°l  '■'lr£  es»  JaPan.  Varnishes,  Lackers,  Cements,  Compositions,  etc., 
etc.  By  Leroy  J.  Blink,  Master  Mechanic.  With  One  Hundred 
and  Seventy  Illustrations.  i2mo . $2.50 


BOOTH. — Marble  Worker’s  Manual: 

Containing  Practical  Information  respecting  Marbles  in  general,  theii 
Cutting,  Working  and  Polishing;  Veneering  of  Marble ;  Mosaics; 
Composition  and  Use  of  Artificial  Marble,  Stuccos,  Cements,  Receipts, 
Secrets,  etc.,  etc.  Translated  from  the  French  by  M.  L.  Booth. 
vV  ith  an  Appendix  concerning  American  Marbles.  i2mo.,  cloth  $1.50 


BRANNT. — A  Practical  Treatise  on  Animal  and  Vegetable 
Fats  and  Oils  : 

Comprising  both  Fixed  and  Volatile  Oils,  their  Physical  and  Chem¬ 
ical  Properties  and  Uses,  the  Manner  of  Extracting  and  Refining 
them,  and  Practical  Rules  for  Testing  them  ;  as  well  as  the  Manufac¬ 
ture  of  Artificial  Butter  and  Lubricants,  etc.,  with  lists  of  American 
Patents  relating  to  the  Extraction,  Rendering,  Refining,  Decomposing, 
and  Bleaching  of  Fats  and  Oils.  By  William  T.  Brannt,  Editor 
of  the  “  Techno  Chemical  Receipt  Book.”  Second  Edition,  Revised 
and  in  a  great  part  Rewritten.  Illustrated  by  302  Engravings.  In 
Two  Volumes.  1304  pp.  8vo.  .....  #10.00 

BRANNT. — A  Practical  Treatise  on  the  Manufacture  of  Soap 
and  Candles  : 

Based  upon  the  most  Recent  Experiences  in  the  Practice  and  Science; 
comprising  the  Chemistry,  Raw  Materials,  Machine  v,  and  Utensils 
and  Various  Processes  of  Manufacture,  including  a  great  variety  of 
formulas.  Edited  chiefly  from  the  German  of  Dr.  C.  Deite,  A. 
Eneelhardt  Dr.  C.  Schaedler  and  others;  uith  additions  and  lists 
of  American  Patents  relating  to  these  subjects.  By  Wm.  T.  Brannt. 
Illustrated  by  163  engravings.  677  pages.  8vo.  .  .  5,0.00 


tjRANNT  —India  Rubber.  Gutta  Percha  and  Balata; 

Occurrence  Geographical  Distribution,  and  Cultivation,  Obtaining 
and  Preparing  the  Raw  Materials,  Modes  of  Working  and  Utilizing 
them  Tncludinff  Washing,  Maceration,  Mixing,  Vulcanizing,  Rubber 
nnd  Gutta-Percha  Compounds,  Utilization  of  Waste,  etc.  By  Will¬ 
iam  T.  Brannt.  Illustrated.  i2mo.  (1900.)  .  .  $3.00 
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BRA.NNT _ WAHL. — The  Techno- Chemical  Receipt  Books 

^Containing  several  thousand  Receipts  covering  the  latest  most  .« 
norunt  and  most  useful  discoveries  in  Chemical  rechnology  ant 
the  r  Practical  Application  in-  the  Arts  and  the  Industries  Edstec 
chiefly  from  the  German  of  Drs.  Winckler,  Eisner ,  Hemtzt i  Mier 
zinskf  lacobsen,  Roller,  and  Heinzerhng,  with  additions  by  Wll.  1. 
Brannt  and  WM.  II.  Wahl,  Ph.  D.  Illustrated  by  78  engraving 

t  ROWN^-Vive  Hundred  and  Seven  Mechanical  Movements: 

Embracing  all  those  which  are  most  important  in  Dynamics,  Hy¬ 
draulics,  Hydrostatics,  Pneumatics,  Steam-Engines  Mill  and  other 
Gearing,  Presses,  Horology  and  Miscellaneous  Machinery ,  an  1  1 
Sng  many  movements'  never  before  published and  sevendrf 
which  have  only  recently  come  into  use.  By  IIenry  T.  ^  - 

BUCKMASTER. — The  Elements  of  Mechanical  Physics. 

By  J.  c.  Buckmaster.  Illustrated  with  numerous  engra\mg^. 

. . .  •  • 

BULLOCK.— The  American  Cottage  Builder  : 

A  Series  of  Designs,  Plans  and  Specifications  from  $200  tc .  |20  <wo, 
for  Homes  for  the  People;  together  with  Warming,  e  ‘ 
Drainage,  Painting  and  Landscape  Gardening.  By  J°H*  '  i 

Architect  and  Editor  of  “The  Rudiments  of  Architect u  • 
Building,”  etc.,  eic.  Illustrated  by  75  engravings.  8vo.  *  * 

BULLOCK.— The  Rudiments  of  Architecture  and  Buuaing- 
For  the  use  of  Architects,  Builders,  Draughtsmen,  Macui.i^, 
gineers  and  Mechanics.  Edited  by  John  Bullock,  aut  °r  0 
American  Cottage  Builder.”  Illustrated  by  250  Engravings,  am  p  o 
BURGH.— Practical  Rules  for  the  Proportions  of 

Engines  and  Boilers  for  Land  and  Marine  Purpose  .  ^  ^ 

By  N.  P.  Burgh,  Engineer.  i2mo.  .  •  •  *  •  aj 

BYLES.— Sophisms  ‘  of  Free  Trade  and  Popular  Pom 
Economy  Examined.  ,  r  mon 

By  a  Barrister  (Sir  John  Barnard  Byles,  Judge  oi  (  l]ic 
Pleas).  From  the  Ninth  English  Edition,  as  publishec  2$ 
Manchester  Reciprocity  Association.  i2mo.  .  •  4  '  «\:0n 

BOWMAN. — The  Structure  of  the  Wool  Fibre  in  its 

to  the  Use  of  Wool  for  Technical  Purposes:  at 

Being  the  substance,  with  additions,  of  Five  Lectures,  <  L  1  1 .  -caj 
the  request  of  the  Council,  to  the  members  of  the  Bradtorcl  < 1 L  ^oxV. 
College,  and  the  Society  of  Dyers  and  Colorists.  By  *  vnVina5* 
MAN,  D.  Sc.,  F.  R.  S.E.,  F.L.S.  Illustrated  by  engn*6So 

8v° . •  •  #  j  Enr- 

BYRNE. — Hand-Book  for  the  Artisan,  Mechanic,  an 
neer . 

Comprising  the  Grinding  and  Sharpening  of  Cutting  Too  ^*jshing 
Processes,  Lapidary  Work,  Gem  and  Glass  Engraving,  .  jjng  and 
and  Lackering,  Apparatus,  Materials  and  Processes  for  Gd1 


HENRY  CAREY  BAIRD  &  CO.’S  CATALOGUE. 


7 


Polishing,  etc.  By  Oliver  Byrne.  Illustrated  by  185  wood  en¬ 
gravings.  8vo. . 

3YRNE. — Pocket-Book  for  Railroad  and  Civil  Engineers: 

Containing  New,  Exact  and  Concise  Methods  for  Laying  out  Railroad 
Curves,  Switches,  Frog  Angles  and  Crossings;  the  Staking  out  of 
work;  Levelling;  the  Calculation  of  Cuttings:  Embankments;  Earth¬ 
work,  etc.  By  Oliver  Byrne.  i8mo.,  full  bound,  pocket-book 


form 


$1.50 


BYRNE. — Tne  Practical  Metal-Worker’s  Assistant: 

Comprising  Metallurgic  Chemistry ;  the  Arts  of  \N  orking  all  Metals 
and  Alloys ;  Forging  of  Iron  and  Steel ;  Hardening  and  tempering; 
Melting  and  Mixing;  Casting  and  Founding ;  Works  in  Sheet  Metal; 
the  Processes  Dependent  on  the  Ductility  of  the  Metals;  Soldering; 
and  the  most  Improved  Processes  and  Tools  employed  by  Metal- 
Workers.  With  the  Application  of  the  Art  of  Electro-Metallurgy  to 
Manufacturing  Processes ;  collected  from  Original  Sources,  and  from 
the  works  of  Holtzapffel,  Bergeron,  Leupold,  Plumier,  Napier, 
Scoffern,  Clay,  Fairbairn  and  others.  By  Oliver  Byrne.  A  new, 
revised  and  improved  edition,  to  which  is  added  an  Appendix,  con¬ 
taining  The  Manufacture  of  Russian  Sheet-Iron.  By  John  Percy, 
M.  D.  F.  R.  S.  The  Manufacture  of  Malleable  Iron  Castings,  and 
Improvements  in  Bessemer  Steel.  By  A.  A.  FesqUET,  Chemist  an 
Engineer.  With  over  Six  Hundred  Engravings,  Illustrating  eveiry 
Branch  of  the  Subject.  8vo.  .  •  •  •  •  •  *  5* 

cSSSR  MAKER'S  ALBUM 

E"8ri,'’d  pir/o 

Oblong,  8vo.  •  vVriting  and  Glass  Embossing : 

CALLlNGHAM.-S  gn  Wmmg  ^ ^  <)f  the  Art  By  James 
A  Complete  Pra£l‘C'Jhich  are  added  Numerous  Alphabets  and  the 

pages.  i2ino.  •  treatise  on  Mechanical  Engineering: 

‘CAMPIN.— A  Moulding,  Casting,  Forging,  tools  Mork. 

Comprising  Meta  l^|Lnical  Manipulation,  Manufacture  of  Steam¬ 
shop  Machinery,  Me  a  opendix  on  the  Analysis  of  Iron  and  Iron 
Engines,  etc.  With  s in  -  1  »c  £  To  which  arc  added,  Observations 
Ores.  By  FpaNCISCAMi  •  >  Hoilers>  and  Remarks  upon  Furnaces 
on  the  Construction  ith  a  chapter  on  Explosions.  Bv  R. 

used  for  Smoke  Prevention^  B<)URN t  ^carce.) 

ARMSTRONG,  C.  b.,  ana  J 
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CAREY.— A  Memoir  of  Henry  C.  Carey. 

Bv  Dr.  Wm.  Elder,  With  a  portrait.  8vo.,  cloth  .  .  7j 

CAREY  — The  Works  of  Henry  C.  Carey  : 

Harmony  of  Interests  :  Agricultural,  Manufacturing  and  Commer 

c:ai  gv0  .  .  .  S'1.25 

Manual  of  Social  Science.  Condensed  from  Carey’s  “  Principles 
of  Social  Science.”  By  Kate  McKean,  i  vol.  i2mo.  .  £2.00 

Miscellaneous  Works.  With  a  Portrait.  2  vols.  8vo. 

Past,  Present  and  Future.  8vo . *2-50, 

Principles  of  Social  Science.  3  volumes,  8vo.  .  .  $7-5° 

The  Slave-Trade,  Domestic  and  Foreign;  Why  it  Exists,  and 
How  it  may  be  Extinguished  (1853).  8vo.  .  .  •  $2-00 

The  Unity  of  Law :  As  Exhibited  in  the  Relations  of  Physical, 
Social,  Mental  and  Moral  Science  (1872).  8vo.  .  .  $2.$0 

CLARK— Tramways,  their  Construction  and  Working: 

Embracing  0  Comprehensive  History  of  the  System.  W  ith  an  ex¬ 
haustive  analysis  of  the  various  modes  of  traction,  including  horse¬ 
power,  steam,  heated  water  and  compressed  air;  a  description  of  the 
varieties  of  Rolling  stock,  and  ample  details  of  cost  and  working  ex¬ 
penses.  By  D.  Kin  NEAR  CLARK.  Illustrated  by  over  200  wood 
engravings,  and  thirteen  folding  plates.  1  vol.  8vo.  .  $7-5° 

COLBURN. — The  Locomotive  Engine: 

Including  a  Description  of  its  Structure,  Rules  for  Estimating  its 
Capabilities,  and  Practical  Observations  on  its  Construction  and  Man 
agement.  By  Zerah  Colburn.  Illustrated.  121110.  .  $i.oc 

COLLENS. — The  Eden  of  Labor;  or,  the  Christian  Utopia. 

By  T.  Wharton  Collens,  author  of  “  Humanics,”  “  The  History 
of  Charity,”  etc.  i2nio.  Paper  cover,  $  1 .00 ;  Cloth  .  JM-25 

COOLEY. — A  Complete  Practical  Treatise  on  Perfumery: 

Being  a  Hand-book  of  Perfumes,  Cosmetics  and  other  Toilet  Articlei 
With  a  Comprehensive  Collection  of  Formulae.  By  Arnold  j 
Cooley.  121110 . $1.50 


COOPER. — A  Treatise  on  the  use  of  Belting  for  the  Trane 
mission  of  Power. 

With  numerous  illustrations  of  approved  and  actual  methods  ol  ar 
ranging  Main  Driving  and  Quarter  Twist  Belts,  and  of  Belt  Fasten 
ings.  Examples  and  Rules  in  great  number  for  exhibiting  and  cal 
culating  the  size  and  driving  power  of  Belts.  Plain,  Particular  and 
Practical  Directions  for  the  Treatment,  Care  and  Management  o' 
Belts.  Descriptions  of  many  varieties  of  Beltings,  together  witn 
chapters  on  the  1  ransniission  ol  Power  by'  Ropes;  by'  Iron  and 
ood  1-rictional  Gearing;  on  the  Strength  of  Belting  Leather;  and 
on  the  Experimental  Investigations  of  Morin,  Briggs,  and  others.  By 

ci°AfirH*  CooPER>  M-  E-  8v° . .  .  $3-5° 

r  ti  ~The  Practical  American  Millwright  and  MMler. 

y  avid  Craik,  Millwright.  Illustrated  by  numerous  wood  en 
gravings  and  two  folding  plates.  8vo.  „  (^Scarce.) 
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CROSS.— The  Cotton  Yarn  Spinner: 

Showing  how  the  Preparation  should  be  arranged  for  D.fferem 
Counts  of  Yams  bv  a  System  more  uniform  than  has  hitherto  been 
practiced;  by  having  a  Standard  Schedule  from  which  we  make  all 
our  Changes.  By  Richard  Cross.  122  pp.  i2mo.  .  /a 

CRISTIANI. — A  Tech  .ical  Treatise  on  Soap  and  Candies^, ^ 
With  a  Glance  at  the  Industry  of  hats  and  Oils.  1>  .  y 

TIAM,  Chemist.  Author  of ‘‘Perfumery  and  Kindred  Arts.  1  lu  ^ 

trated  by  176  engravings.  5S1  pages,  b\o. 

R«^dk;,"u:  K.-Cla.k.  102  ills.  Fifth  edition.  .  .  So 

COURTNEY.— The  Boll?rGM“ke"'vSi,^iefOMiaatm2n’Re',i“'1  by 

Ftfth  edition.  ■  JM* 

DAVIDSON. _ A  Practical  Manual  of  House  Patnung.  Grant- 

ing.  Marbling,  and  Sign- Writing- of  House  painting  ir 
Containing  full  information  on  the  1  .  d  Practice  of  Sign 

8n““d  l5s.«mper,  the  ^  Tdourse  of  Element,;. 

Writing,  the  Principles  of  Deco  an  ’and  a  Collection  of  Useful 

r  aeip5  f0WthUSnineacXed  niugranons  o^Woods^an^^  a,^  es, 

au'dXeroos  'wood  engravings.  By  Elus  A  ^ 

on  Earthy  and  Other  Minerals  and 
^avtfS-A  Treatise  on  Eart  y 

DAVIES.  .  tc  illustrated  by 

^;nCgDAVlES,  F.  G.  s..  Mining  En=.nee  ,  .  .  *5  °° 

76  Engravings.  I2nl°'  Metriliferous  Minerals  and  Mining: 

_  a  Treatise  on  Metil  r  .  Examiner  of  Mines, 

DAVIES.—A  T  g  s  Mining  L  =.  ’  vingsof  Geological 

By  I>.  C.  DAVIES,eries  illustrated  by  148  e,  g  £avvn  from  the 

Quarries  and  C\  Operations  ami  ^dition;thoroughly  Revised 

Eormations,  f  tbe  Wprl  i.  l  Davies.  i2mo,524 

practice  of  all  by  his  son,  E.  Henry  #  *5  oo 

much  =>  * 


W1  O'-  *  -  - 

ami  much  # 

na^es  •  .  Slate  and  Slate  Quarrying. 

a  treatise  on  oiai  Davies,  F.  G  S, 

DiT«rfcrF*cU«'  C^'mn»«ro«.y  HUu.ra.ions  and  ftdding 
“S®  fern”’" ’.ca,  x'r..ti.e  on  the  M.nuf.c.ure  of  Brick, 

DA^?eTa^^Terra-Cc>t«-  Hand  Made,  Pressed  or  Front  and 
Tnrludin"  Stiff  Clay.  Celled  Brick,  with  Glazes  and  Colors, 

Roadway  P^vJj1SR®£’^lica  Brick,  Carbon  Brick,  Glass  Pots,  Re- 
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torts,  Architectural  Terra-Cotta,  Sewer  Pipe,  Drain  Tile,  Glazed  and 
Unglazed  Roofing  Tile,  Art  Tile,  Mosaics,  and  Imitation  of  Intarsia 
or  Inlaid  Surfaces.  Comprising  every  product  of  Clay  employed  in 
Architecture,  Engineering,  and  the  Blast  Furnace.  With  a  Detailed 
Description  of  the  Different  Clays  employed,  the  Most  Modern 
Machinery,  Tools,  and  Kilns  used,  and  the  Processes  for  Handling, 
Disintegrating,  Tempering,  and  Moulding  the  Clay  into  Shape,  Dry¬ 
ing,  Setting,  and  Burning.  By  Charles  Thomas  Davis.  Third  Edi¬ 
tion.  Revised  and  in  great  part  rewritten.  Illustrated  by  261 
engravings.  662  pages  .  .  .  .  •  •  .512.50 

DAVIS. — A  Treatise  on  Steam-Boiler  Incrustation  and  Meth¬ 
ods  for  Preventing  Corrosion  and  the  Formation  of  Scale: 
By  Charles  T.  Davis.  Illustrated  by  65  engravings.  8vo. 

DAVIS. — The  Manufacture  of  Paper: 

Being  a  Description  of  the  various  Processes  for  the  Fabrication, 
Coloring  and  Finishing  of  every  kind  of  Paper,  Including  the  Dif 
ferent  Raw  Materials  and  the  Methods  for  Determining  their  Values, 
the  Tools,  Machines  and  Practical  Details  connected  with  an  intelli¬ 
gent  and  a  profitable  prosecution  of  the  art,  with  special  reference  to 
the  best  American  Practice.  To  which  are  added  a  History  of  Pa¬ 
per,  complete  Lists 'of  Paper-Making  Materials,  List  of  American 
Machines,  Tools  and  Processes  used  in  treating  the  Raw  Materials, 
and  in  Making,  Coloring  and  Finishing  Paper.  By  Charles  T. 
Davis.  Illustrated  by  156  engiavings.  608  pages,  8vo.  $6.00 
DAVIS. — The  Manufacture  of  Leather: 

Being  a  Description  of  all  the  Processes  for  the  Tanning  and  1  awing 
with  Bark,  Extracts,  Chrome  and  all  Modern  Tannages  in  General 
Use,  and  the  Currying,  Finishing  and  Dyeing  of  Every  Kind  of  Leather : 
Including  the  Various  Raw  Materials,  the  Tools,  Machines,  and  all 
Details  of  Importance  Connected  with  an  Intelligent  and  Profitable 
Prosecution  of  the  Art,  with  Special  Reference  to  the  Best  American 
1  ractice.  1  o  which  are  added  Lists  of  A merican  Patents  ( 1 884- 1 897 ) 
lor  Materials,  Processes,  Tools  and  Machines  for  Tanning,  Currying, 
etc.  By  Charles  Thomas  Davis.  Second  Edition,  Revised,  and 
in  great  pait  Rewritten.  Illustrated  by  147  engravings  and  14  ^am- 
1>  cs  ol  Quebracho  Tanned  and  Aniline  Dyed  Leathers.  8vo,  cloth, 
712  pages.  Price  ........  $10.00 

DAWIDOWSKY— BRANNT. — A  Prkctical  Treatise  on  the 
Raw  Materials  and  Fabrication  of  Glue,  Gelatine,  Gelatine 
Veneers  and  Foils,  Isinglass,  Cements,  Pastes,  Mucilages, 


ase  upon  Actual  Experience.  By  F.  DAWIDOWSKY,  Technic;  1 
emist.  rails  1  at ed  from  the  German,  with  extensive  addition-. 

\\,C i,Ui  .U1^  description  of  the  most  Recent  American  Processes,  1  > 

Mlliam  1  Lrannt,  Graduate  of  the  Royal  Agricultural  College 

DE  GRAFF  “Thi  r 35  Ene:avi,,Ss'  I2m° ■  •  •  (Sc*«*-1 

beir,F,P!  ~Ih  Geometrical  Stair-Builders’  Guide : 

necessary  i  i  ractl<-al  System  °f  Hand-Railing,  embracing  all  ltf 
EneraviL?.  S’  G.eometrically  Illustrated  by  twenty- two  Stee. 

of  Practical*  ( '  ’^et^er  use  of  the  most  approved  principle 

Practical  Geometry.  By  Simon  De  Graff,  Architect.  (Scarce.) 
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DEAnSys\^W^?s1aEymlrA  Practical  Ma™a'  Chemica 

As  applied  to  the  Manufacture  of  Iron  from  its  Ores,  and  to  Cast  Iron, 
Wrought  Iron,  and  Steel,  as  found  m  Commerce.  By  L.  L.  De 
Koninck,  Dr.  Sc.,  and  E.  Dietz,  Engineer.  Edited  with  Notes,  by 
Robert  Mallet,  F.  R.  S.,  F.  S.  G.,  M.  I.  C.  E.,  etc.  American 
Edition,  Edited  with  Notes  and  an  Appendix  on  Iron  Ores,  by  A.  A. 
Fesquet,  Chemist  and  Engineer.  121110.  .  .  ,  $1.50 

DUNCAN. — Practical  Surveyor's  Guide: 

Containing  the  necessary  information  to  make  any  person  of  com* 
mon  capacity,  a  finished  land  surveyor  without  the  aid  of  a  teacher 
By  Andrew  Duncan.  Revised.  72  engravings,  214pp.  i2mo.  $1.50 
DUPLAIS. — A  Treatise  on  the  Manufacture  and  Distillation 
of  Alcoholic  Liquors : 

Comprising  Accurate  and  Complete  Details  in  Regard  to  Alcohol 
from  Wine,  Molasses,  Beets,  Grain,  Rice,  Potatoes,  Sorghum,  Aspho 
del.  Fruits,  etc.;  with  the  Distillation  and  Rectification  of  Brandy 
Whiskey,  Rum,  Gin,  Swiss  Absinthe,  etc.,  the  Preparation  of  Aro¬ 
matic  Waters,  Volatile  Oils  or  Essences,  Sugars,  Syrups,  Aromatic 
Tinctures,  Liqueurs,  Cordial  Wines,  Effervescing  Wines,  etc.,  the 
Ageing  of  Brandy  and  the  improvement  of  Spirits,  with  Copiou* 
Directions  and  Tables  for  Testing  and  Reducing  Spirituous  Liquors, 
etc*  etc.  Translated  and  Edited  from  the  French  of  MM.  Dupi.ais, 
By  M.  McKennie,  M.  D.  Illustrated  743  pp.  8vo.  #15.00 
DYER  AND  COLOR-MAKER’S  COMPANION: 

Containing  upwards  of  two  hundred  Receipts  for  making  Colors,  on 
the  most  approved  principles,  for  all  the  various  styles  and  fabrics  now 
in  evistence ;  with  the  Scouring  Process,  and  plain  Directions  for 
Preparing,  Washing-off,  and  Finishing  the  Goods.  i2mo.  $1  00 

EIDHERR. _ The  Techno-Chemical  Guide  to  Distillation: 

A  Hand-Book  for  the  Manufacture  of  Alcohol  and  Alcoholic  Liquors, 
including  the  Preparation  of  Malt  and  Compressed  Yeast.  Edited 
from  the  German  of  Ed.  Eidherr. 

c  nu/ARDS  —A  Catechism  of  the  Marine  Steam-Engine, 

nse’  of  Engineers,  Firemen,  and  Mechanics.  A  Practical 
£?r  i  fnr  Practical  Men.  By  Emory  Edwards,  Mechanical  Engi- 
Work  for  by  sixty  three  Engravings,  including  examples  of 

neer.  i“u  Fnaines.  Third  edition,  thoroughly  revised,  with 

thC  h  additional  matter.  12  mo.  414  pages  .  .  .  $2  o c 

mu.c.h L  ori«s  -L Modern  American  Locomotive  Engines, 

E Th  *  1) 7*  an  Construction  and  Management.  By  Emory  Edwards* 

Illustrated  i2mo.  • . $2.00 

(towards  —The  American  Steam  Engineer: 

A1f^i  '-,,,1  Practical,  with  examples  of  the  latent  and  most  ap¬ 
proved  American  practice  in  the  design  and  construction  of  Steam 
Fn trines  and  Boilers.  Por  the  use  of  engineers,  machinists,  boiler- 
E2KT  and  engineering  students.  By  Emory  Edwards.  Fully 
illustrated ,  4*9  PHF*-  I2mo-  •  .  .  .  *2.50 
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EDWARDS.— Modern  American  Marine  Engines,  Boilers,  anc 

Their  Designed  Construction.  Showing  the  Present  Practice  ot 
the  mo>t  Eminent  Engineers  and  Marine  Engine  Builde.s  in  the 
United  States.  Illustrated  by  30  large  and  elaborate  plates.  4to.  $f>.oc 
EDWARDS. — The  Practical  Steam  Engineer  s  Guide 

In  the  Design,  Construction,  and  Management  of  American  Stationary, 
Portable,  and  Steam  Fire-Engines,  Steam  Pumps,  Boilers,  injector^ 
Governors,  Indicators,  Pistons  and  Rings,  Safety  Valves  and  Steam 
Gauges.  For  the  use  of  Engineers,  Firemen,  and  Steam  Users,  tf) 
Emory  Edwards.  Illustrated  by  119  engravings.  A20  pages^ 

. . ^ 

EISSLER.— The  Metallurgy  of  Silver  : 

A  Practical  Treatise  on  the  Amalgamation,  Roasting,  and  Lixiviation 
of  Silver  Ores,  including  the  Assaying,  Melting,  and  Refining  ot 
Silver  Bullion.  By  M.  Eissler.  124  Illustrations.  33b  pp- 
. . .  M  25 

ELDER.— Conversations  on  the  Principal  Subjects  of  Political 
Economy.  . 

By  Dr.  William  Elder.  8vo.  ...  •  5 

ELDER. — Questions  of  the  Day, 

Economic  and  Social.  By  Dr.  William  Elder.  8vo.  .  >3-°° 


ERNI  AND  BROWN. — Mineralogy  Simplified. 

Easy  Methods  of  Identifying  Minerals,  including  Ores,  by  Means  of 
the  Blow-pipe,  by  Flame  Reactions,  by  Humid  Chemical  Analysis, 
and  by  Physical  Tests.  By  Henri  Erni,  A.  M.,  M.  D.  lhird  1  »  1 
tion,  revised,  re-arranged  and  with  the  addition  of  entirely  new  matte  1 , 
including  Tables  for  the  Determination  of  Minerals  by  Chemical  am 
Pyrognostic  Characters,  and  by  Physical  Characters.  By  Amos 
Brown,  E.  M.,  Ph.  D.  350  pp'.,  illustrated  by  96  engravings,  pocket- 
book  form,  full  flexible  morocco,  gilt  edges  .  •  •  l?2-50 

FAIRBAIRN.  — The  Principles  of  Mechanism  and  Machinei 
of  Transmission: 

Comprising  the  Principles  of  Mechanism,  Wheels,  and  1 11  O  ’ 
Strength  and  Proportion  of  Shafts,  Coupling  of  Shafts,  and  Fn£ah 
ing  and  Disengaging  Gear.  By  Sir  William  Fairbairn,  l>«  • 
C.  E.  beautifully  illustrated  by  over  150  wooel-cuts.  1°  on 
volume,  X2mo.  . . •  *2 


1’  LEMING. — Narrow  Gauge  Railways  in  America  :  .  . 

A  Sketch  of  their  Rise,  Progress,  and  Success.  Valuable  Statu 
as  to  Grades,  Curves,  Weight  of  Rail,  Locomotives,  Cars,  etc-  • 
Howard  T leming.  Illustrated,  8vo. 

FORSYTH. — Book  of  Designs  for  Headstones,  Mural, 
other  Monuments  :  ,  ,ion 

Containing  78  Designs.  By  James  Forsyth,  With  an  Intro  ut 
by  Charles  Boutell,  M.  A.  4to.,  cloth  .  •  •  *  . 

FRIEDBERG.  Utilization  of  Bones  by  Chemical  MeaD®> 
especially  the  Modes  of  Obtaining  Fat,  Glue,  Manure  . 
Phosphorus  and  Phosphates, 
imtiated.  8vo.  (In  preparation. ) 
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FRANKEL— HUTTER.— A  Practical  Treatise  on  the  Manu* 
facture  of  Starch,  Glucose,  Starch-Sugar,  and  Dextrine: 

Based  on  the  German  of  Ladislaus  Von  Wagner,  Professor  in  the 
Royal  Technical  High  School,  Buda-Pest,  Hungary,  and  other 
authorities.  By  Julius  Frankel,  Graduate  of  the  Polytechnic 
School  of  Hanover.  Edited  by  Robert  Butter,  Chemist,  Practical 
Manufacturer  of  Starch-Sugar.  Illustrated  by  58  engravings,  cover¬ 
ing  every  branch  of  the  subject,  including  examples  of  the  most 
Recent  and  Best  American  Machinery.  8vo.,  344  pp.  .  $5  00 


GARDNER. — The  Painter's  Encyclopaedia: 

Containing  Definitions  of  ail  Important  Words  m  the  Art  of  Plain 
and  Artistic  Painting,  with  Details  of  Practice  in  Coach,  Carriage, 
Railway  Car,  House,  Sign,  and  Ornamental  Painting,  including 
Graining  Marbling,  Staining.  Varnishing,  Polishing.  Lettenng, 
Stenciling,  Gilding,  Bronzing,  etc.  By  Iranklin  B.  ^arune  • 
158  Illustrations.  121110.  427  pp.  . 

1—  *■-»,.  * 

G“:  'Assistant  in  the  Art  of  Working  in 

A  practical  Treatise  fol  Masters  and  Workmen,  ia.no.  .  «°° 

GEE.— The  Goldsmith;.  Handbook^  ^  KmU)]g  „f  Goldi 

Containing  full  mstraeuo  i.  lting*  Reducing,  Coloring,  Col 

including  the  Art  of  Alloyi  0f  Manipulation,  Recovery  of 

lecting,  and  R'fi'nngt  the  1  ocesse.  B  Gold.  ,vjth  a  New 

Waste;  Us  A%;  SokleFs,  Enamels,  and  other  Uefn 

Rulesand  Recipe's.  B,  George  E.  Gee.  tamo.  .  .  *..*5 

r  _ The  Silversmith’s  ^a”dk°°  ‘ .  and  Working  of  Silver, 

G  Chaining  full  instructions  for  the  All  y  g  ]ti  thf  Metal;  its 

Including  the  different  «"ode?  °f  Alloys ;  Methods  of  Mampula- 

r  4uPr‘S  of  the  ^.oget^r  W.,h  oth.^U^  __ 
Memoranda.  paBINET-MAKERS: 

GOTHIC  ALBUM  PORCA  .1Venty.lh«e  plates.  Obiong  ...So 
-KANT  “A  Handbook  on  the  Teeth  ^Gears.^  CKWOC 

3  1W  Curves.  Properties,  J,X‘on,  enlarged.  8vo.  5.  oo 

g  Grant.  Illustrated. 

rREEN  WOOD.— Steel  and  to  •  of  the  Severai  Methods  Pur 

C  Comprising  the  Practice  and J  ^  t£eir  Treatment  in  the  Rolling- 

sued  in  their  Manufacture,  a  d  Ry  Wili.iam  Henry  Green- 

Mills,  the  Forge,  ««!  *  Diagrams,  536  pages,  izmo.  £1-75 
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GREGORY. — Mathematics  for  Practical  Men  : 

Adapied  to  the  Pursuits  of  Surveyors,  Architects,  Mechanics,  and 
Civil  Engineers.  By  Olinthus  Gregory.  8vo.,  plates  $3.00 

GRISWOLD.— Railroad  Engineer’s  Pocket  Companion  for  thi 

Field:  .  , 

Comprising  Rules  for  Calculating  Deflection  Distances  and  Angles 
Tangentiaf  Distances  and  Angles,  and  all  Necessary  Tables  for  En 
gineers;  also  the  Art  of  Levelling  from  Preliminary  Survey  to  the 
Construction  of  Railroads,  intended  Expressly  for  the  Young  En¬ 
gineer,  together  with  Numerous  Valuable  Rules  and  Examples.  By 

W.  Griswold.  12010.,  tucks . #1.5° 

GRUNER. — Studies  of  Blast  Furnace  Phenomena: 

By  M.  L.  Gruner,  President  of  the  General  Council  of  Mines  o* 
France,  and  lately  Professor  of  Metallurgy  at  the  Ecole  des  Mines 
Translated,  with  the  author’s  sanction,  with  an  appendix,  by  L.  D. 
B.  Gordon,  F.  R.  S.  E.,  F.  G.  S.  8vo.  .  .  .  $2.50 

Hand-Book  of  Useful  Tables  for  the  Lumberman,  Farmet  and 
Mechanic : 


Containing  Accurate  Tables  of  Logs  Reduced  to  Inch  Board  Meas. 
ure,  Plank,  Scantling  and  Timber  Measure;  Wages  and  Rent,  by 
Week  or  Month;  Capacity  of  Granaries,  Bins  and  Cisterns;  Land 
Measure,  Interest  Tables,  with  Directions  for  Finding  the  Interest  on 
any  sum  at  4,  5,  6,  7  and  8  per  cent.,  and  many  other  Useful  Tables 
32  mo.,  boards.  186  pages .  .25 

HASERICK.— The  Secrets  of  the  Art  of  Dyeing  Wool,  Cotton 
and  Linen, 


Including  Bleach'.r.g  and  Coloring  Wool  and  Cotton  Hosiery  and 
Randorn  \  arns.  A  Treatise  based  on  Economy  and  Practice.  B\ 

F.  L.  HASERICK.  Illustrated  by  323  Dyed  Patterns  of  the  Yarn: 
or  Fabrics.  8vo.  .  o  j  ^  j 

HATS  AND  FELTING : . 

IJ?atls?  on  their  Manufacture.  Bv  a  Practical  Hatter. 

Machines  etc.  8vo.  .  .  $1.00 

Painting*  Pa*nt*nS  on  Glass  and  Porcelain,  and  Enamel 

Fluxes'?^  ^  Jntlocluction  to  the  Preparation  of  all  the  Colors  and 
Stonewnrp  °r^  flntl”S  0n  ^ass>  Porcelain,  Enamel,  Faience  and 
Minute  I  f  °  or  Pastes  and  Colored  Glasses,  together  with  a 
Basis  of  pf.i  tJP  !°p  °  .t  le,  Fmn?  ol  Colors  and  Enamels,  on  the 

of  .he  Art  up  ,0  Date.  .8 


HAUPT. — Street  Railway  Motors: 

SvstenDenCulHi0'J:  aml  CoSt  °f  Plants  Operation  of  the  V 
t>ystem-%  now  in  Use.  upvy 


ariou* 
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tracts.  A  ^anua^  Engineering  Specifications  and  Con- 

328pp.EW8voM'  IlA.UPT’  C  E-  IHus,rated  with  ^merous  maps. 

cV’InTn an1  Me‘*°d” 

Dlales  ma,,co„.i  ’•  W’’  U  L‘  Illust,ated  with  numerous 

plates,  maps  and  engravings.  247  pp.  8vo.  .  $ ,  ^ 

Hd  G^ES,~American  Miller  and  Millwright’s  Assistant:  J 

By  William  Carter  Hlghes.  121110 . 5i  ?o 

HULME.- Worked  Examination  Questions  in  Plane  Geomet  • 
ncal  Drawing  : 

For  the  Use  of  Candidates  for  the  Royal  Military  Academy,  Wool- 
wich;  the  Royal  Military  College,  Sandhurst ;  the  Indian  Civil  En¬ 
gineering  College,  Cooper’s  Hill  ;  Indian  Public  Works  and  Tele¬ 
graph  Departments;  Royal  Marine  Light  Infantry;  the  Oxford  and 
Cambridge  Local  Examinations,  etc.  By  F.  Eiiward  Hulme,  F.  I.. 
S.,  F.  S.  A.,  Art-Master  Marlborough  College.  Illustrated  by  300 

examples.  Small  quarto . <r.c> 

JEKVIS. — Railroad  Property: 

A  Treatise  on  the  Construction  and  Management  of  Railways; 
designed  to  afford  useful  knowledge,  in  the  popular  style,  to  the 
holders  of  this  class  of  property ;  as  well  as  Railway  Managers,  Offi¬ 
cers,  and  Agents.  By  John  B.  Jervis,  late  Civil  Engineer  of  the 
Hudson  River  Railroad, 'Croton  Aqueduct,  etc.  i2mo.,  cloth  $1.50 
KEENE. — A  Hand-Book  of  Practical  Gauging: 

For  the  Use  of  Beginners,  to  which  is  added  a  Chapter  on  Drstilla 
tion  describing  the  process  in  operation  at  the  Custom-House  for 
ascertaining  the  Strength  of  W’ines.  By  James  B.  Keene,  of  H.  M. 

Customs.  8vo.  .  •  •  •  •  •  •  •  ^  00 

KELLEY. _ Speeches,  Addresses,  and  Letters  on  Industrial  and 

Financial  Questions  : 

Bv  Hon  William  D.  Kelley,  M.  C.  544  pages,  8vo.  .  112.50 

KELLOGG. — A  New  Monetary  System  : 

n‘  1|v  means  of  Securing  the  respective  Rights  of  Labor  and 

v'  and  of  Protecting  the  Public  from  Financial  Revulsions. 

Paper  cover,  $1.00.  Bound  in 

$'•25 


I  21110. 


The  on./  - 

Property,  and  of  Protectmg 
By  1  Edward  Kellogg,  i 

JJo  J. Watch- Repairer’s  Hand-Book: 

o' Complete  Guide  to  the  Young  Beginner,  in  Taking  Apart 
PnUinir  Together,  and  Thoroughly  Cleaning  the  English  Lever  and 
.her  Foreign  Watches,  and  al  American  Watches.  By  F.  Kemlo, 
Cica!  Watchmaker.  With  Illustrations.  l2mo.  .  $J2$ 
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KENT*  >H. — A  Treatise  on  a  Box  of  Instruments, 

And  the  Slide  Rule;  with  the  Theory  of  Trigonometry  and  Logs 
rithms,  including  Practical  Geometry,  Surveying,  Measuring  of  Tim¬ 
ber,  Cask  and  Malt  Gauging,  Heights,  and  Distances.  By  Thoma4 
Kentish.  In  one  volume.  i2mo.  ....  Si.og 
KERL.— The  Assayer’s  Manual: 

An  Abridged  Treatise  on  the  Docimastic  Examination  of  Ores,  and 
Furnace  and  other  Artificial  Products.  By  Bruno  Kerl,  Professor 
in  the  Royal  School  of  Mines.  Translated  from  the  German  by 
William  T.  Brannt.  Second  American  edition,  edited  with  Ex¬ 
tensive  Additions  by  F.  Lynwood  Garrison,  Member  of  the 
American  Institute  of  Mining  Engineers,  etc.  Illustrated  by  87  en- 

^V°*  (Third  Edition  in  preparation. ) 

KICK. — Flour  Manufacture  . 


A  Treatise  on  Milling  Science  and  Practice.  By  Frederick  Kick 
Imperial  Regierungsrath,  Professor  of  Mechanical  Technology  in  the 
imperial  German  Polytechnic  Institute,  Prague.  Translated  from 
the  second  enlarged  and  revised  edition  with  supplement  by  H.  H. 
P.  Powles,  Assoc.  Memb.  Institution  of  Civil  Engineers.  Illustrated 
with  28  Plates,  and  167  Wood-cuts.  367  pages.  8vo.  .  $10.00 

"INGZETT. — The  History,  Products,  and  Processes  of  the 
Alkali  Trade  : 

including  the  most  Recent  Improvements.  By  Charles  Thomas 
Kivozett.  Consulting  Chemist.  With  23  illustrations.  Svo.  52.50 
KIRK. — The  Cupola  Furnace: 

A  Practical  Ireatise  on  the  Construction  and  Management  of  Foundry 
Cupolas.  By  Edward  Kirk,  Practical  Moulder  and  Melter,  Con- 
sulting  Expert  in  Melting.  Illustrated  by  78  engravings.  Second 
Edition,  revised  and  enlarged.  450  pages.  8vo.  1903.  53-5° 

CANDRIN. — A  Treatise  on  Steel: 

Comprising  its  theory,  Metallurgy,  Properties,  Practical  Working, 
and  Lse.  By  M.  II.  C.  Landrin,  Jr.  From  the  French,  by  A.  A. 
Fesquet.  i2mo.  .....  ...  #2-5c 

LANGBEIN. — A  Complete  Treatise  on  the  Electro-Deposi. 
tion  of  Metals  : 


Compiising  Electro-Plating  and  Galvanoplastic  Operations,  the  De¬ 
position  of  Metals  by  the  Contact  and  Immersion  Processes,  the  Color- 
mg  of  Metals,  the  Methods  of  Grinding  and  Polishing,  as  well  as 
Descriptions  of  the  Electric  Elements,  Dynamo-Electric  Machines, 
Theimo-Piles  and  of  the  Materials  and  Processes  used  in  Every  De¬ 
partment  of  the  Art.  From  the  German  of  Dr.  George  LangbeiNi 
with  additions  by  Wm.  T.  Brannt.  Fifth  Edition,  thoroughly  revised 
and  much  enlarged.  150  Engravings.  590  pages.  Svo.  1904.  54- 00 
LARDNER. — The  Steam-Engine: 

For  the  Use  of  Beginners.  Illustrated.  i2mo.  ••••60 
LEHNER. — The  Manufacture  of  Ink: 

Comprising  the  Raw  Materials,  and  the  Preparation  df  Wr*.ting, 
Copying  and  Hektograph  Inks,  Safety  Inks,  Ink  Extracts  and  Pow¬ 
ders,  etc.  Translated  from  the  German  of  Sigmund  LehneR,  with 
additions  by  William  T.  Brannt.  Illustrated.  i2mo. 
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;£he  Practical  Brass  and  Iron  Founder’s  Guide  • 

A  Concise  Treatise  on  Brass  Founding,  Moulding,  the  Metals ’and 
eir  Alloys,  etc.;  to  which  are  added  Recent  Improvements  in  the 
Manufacture  of  Iron,  Steel  by  the  Bessemer  Process,  etc.,  etc.  Bf 
James  Larkin,  late  Conductor  of  the  Brass  Foundry  Department  in 
Reany,  Neafie  &  Co.’s  Penn  Works,  Philadelphia.  New  edition, 
revised,  with  extensive  additions.  414  pages.  121110.  .  $2.50 

LEROUX. — A  Practical  Treatise  on  the  Manufacture  of 
Worsteds  and  Carded  Yarns  : 

Comprising  Practical  Mechanics,  with  Rules  and  Calculations  applied 
to  Spinning;  Sorting,  Cleaning,  and  Scouring  Wools;  the  English 
and  French  Methods  of  Combing,  Drawing,  and  Spinning  Worsteds, 
and  Manufacturing  Carded  Yarns.  Translated  from  the  French  of 
Charles  Leroux,  Mechanical  Engineer  and  Superintendent  of  a 
Spinning-Mill,  by  Horatio  Paine,  M.  D.,  and  A.  A.  Fesquet, 
Chemist  and  Engineer.  Illustrated  by  twelve  large  Plates.  To  which 
is  added  an  Appendix,  containing  Extracts  from  the  Reports  of  the 
International  Jury,  and  of  the  Artisans  selected  by  the  Committee 
appointed  by  the  Council  of  the  Society  of  Arts,  London,  on  Woole* 
and  Worsted  Machinery  and  Fabrics,  as  exhibited  in  the  Paris  Uni¬ 
versal  Exposition,  1867.  8vo.  •  •  •  •  •  $5-°Q 

LEFFEL. — The  Construction  of  Mill-Dams: 

Comprising  also  the  Building  of  Race  and  Reservoir  Embankment* 
and  Head-Gates,  the  Measurement  of  Streams,  Gauging  of  Water 
Supply,  etc.  By  James  Leffel  &  Co.  Illustrated  by  58  engravings. 

8vo.  -  •  •  \ . ^2-5° 

1  ESLIE  —Complete  Cookery: 

~  Directions  for  Cookery  in  its  Various  Branches.  By  Miss  Leslie. 
Sixtieth  thousand.  Thoroughly  revised,  with  the  addition  of  New 
Receipts.  i2tno.  .  •  -  *  <!,-50 

t  it  vaN _ The  Steam  Engine  and  the  Indicator: 

ou  r  Oricin  and  Progressive  Development;  including  the  Most 
,,  ie  i  Examples  of  Steam  and  Gas  Motors,  together  with  the  lndi- 
Kecen  principles,  its  Utility,  and  its  Application.  By  William 
«  °«.-t  I  e  VAN.  Illustrated  by  205  Engravings,  chiefly  of  Indi. 

469  pp-  . . *’•<» 

—  n  Assayer’s  Guide  • 

klEBE-K.  D|reclions  to  Assayers,  Miners,  and  Smelters,  for  the 
°r’  *  i’  Assays,  by  Heat  and  by  Wet  Processes,  for  the  Ores  of  all 
TeS,S  rincipal  Metals,  of  Gold  and  Silver  Coins  and  Alloys,  and  of 
%  P'tr  by  Oscar  M.  Lif.rer.  Revised.  283  pp.  121110.  Si.5o 
C^*  nld’s  Dictionary  of  Terms: 
l^ockwoo  practice  of  Mechanical  Engineering,  embracing  those 
Use  ■  Drawing  Office,  Pattern  Shop,  Foundry,  Fitting,  Turn- 

Currtniith’s  and  Boiler  Shops,  etc.,  etc.,  comprising  upwards  of  Six 
mg’  Definitions.  Edited  by  a  Foreman  Pattern  Maker,  author 

^“rattevp  Making.”  41 7  PP-  i2mo.  .  .  .  *375 
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»  Description  of  lire  Most  Modem  Apg  »”“5No.e,  Form  of  Lathe 
Of  Plane  and  Curved  bnrf.ee ^  *  A  ^  and  Plani„g 
for  Eccentric  and  Rose- • »  V(Jual^  Matter  Relating  to  the 

engravings.  Seventh^edition.  3.5 

MAIN  and  BROWN. — Questions* on  Subjects  Connected  with 

the  Marine  Steam-Engme:  for  their  Solution.  By 

ThomSTSn  Pressor  of  Mathematics,  Royal  Naval  College, 
1h  T  ^oiL BROWN  Chief  Engineer,  R.  N.  iamo.,  cloth  .  $1*0 

. tvj  end  BROWN. _ The  Indicator  and  Dynamometer: 

With  their  Practical  Applications  to  the  Steam-Engine.  By  Thomas 
1  Main  M  A.  F.  R.,  Ass’t  S.  Professor  Royal  Naval  College, 
Portsmouth,  and  Thomas  Brown,  Assoc.  Inst.  C.  E.,  Chief  Engineei 

R.  N.,  attached  to  the  R.  N.  College.  Illustrated.  b\o.  . 

MAIN  and  BROWN.— The  Marine  Steam-Engine. 

Bv  Thomas  J.  Main,  F.  R.  Ass’t  S.  Mathematical  Professor  at  the 
Roval  Naval  College,  Portsmouth,  and  Thomas  Brown,  Assoc. 
Inst.  C.  E.,  Chief  Engineer  R.  N.  Attached  to  the  Royal  Nava 
College.  With  numerous  illustrations.  8vo. 

MAKINS.— A  Manual  of  Metallurgy: 

By  George  Hogarth  Makins.  ioo  engravings.  Second  edition 
rewritten  and  much  enlarged. 


i2mo.  sQ2  oages 


MARTIN.— Screw-Cutting  Tables,  for  the  Use  of  Mechanical 
Engineers  : 

Showing  the  Proper  Arrangement  of  (iVheels  for  Cutting  the  Threads 
of  Screws  of  any  Required  Pitch;  with  a  Table  for  Making  the  Uni 
versal  Gas-Pipe  Thread  and  Taps.  By  W.  A.  Martin,  Engineer. 

8vo.  .  . -5° 

MICHELL. — Mine  Drainage: 

Being  a  Complete  and  Practical  Treatise  on  Direct- Acting  Undef 
rrcund  Steam  Pumping  Machinery.  With  a  Description  of  a  largt 
number  of  the  best  known  Engines,  their  General  Utility  and  ih<i 
Special  Sphere  of  their  Action,  the  Mode  of  their  Application,  and 
their  Merits  compared  with  other  Pumping  Machinery.  By  STEPHEN 
MlCHELL.  Illustrated  by  247  engravings.  8vo.,  369  pages.  $12  5° 
MOLESWORTH. — Pocket-Book  of  Useful  Formulae  and 
Memoranda  for  Civil  and  Mechanical  Engineers.  , 

By  Guilford  L.  Moleswortii,  Member  of  the  Institution  of  Civil 
Engineers,  Chief  Resident  Engineer  of  the  Ceylon  Railway,  ' 
bound  in  Pocket-book  form  .  .  .  .  .  .  00 
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"°?hRa!fcThe  Uni^rsal  Assistant  and  .he  Complete  1* 

MORRIS._Easy  Rules  for  the  Measurement  of  Earthworks -5 

J  'TarnS  °pthiei  Pnsmoidal  Formu!a*  Illustrated  with  Numeral* 
wood-Cuts  FroWern5,  and  Examples,  and  concluded  by  an  Extern 

Tht  TKb  C  K°r-  findl,‘lg  ,he  Solidity  in  cubic  yards  from  Mean  Areas 
the  whole  being  adapted  for  convenient  use  by  Engineers,  Surveyors 
Contractors,  and  others  needing  Correct  Measurements  of  Earthwork. 

By  Elwood  Morris,  C.  E.  8vo . .  ,c 

MAUCHLINE. — The  Mine  Foreman’s  Hand-Book 
Of  Practical  and  Theoretical  Information  on  the  Opening,  Vend, 
lating,  and  Working  of  Collieries.  Questions  and  Answers  on  Prac¬ 
tical  and  Theoretical  Coal  Mining.  Designed  to  Assist  Students  and 
Others  in  Passing  Examinations  for  Mine  Foremanships.  By 
Robert  Mauchline,  Ex-Inspector  of  Mines.  A  New,  Revised  and 
Enlarged  Edition.  Illustrated  by  114  engravings.  8vo.  337 
pages  .....  (Third  Edition  in  preparation.) 
*5APIER. — A  System  of  Chemistry  Applied  to  Dyeing. 

By  James  Napier,  F.  C.  S.  A  New  and  Thoroughly  Revised  Edi¬ 
tion.  Completely  brought  up  to  the  present  state  of  the  Science, 
including  the  Chemistry  of  Coal  Tar  Colors,  by  A.  A.  Fesquet, 
Chemist  and  Engineer.  With  an  Appendix  0.1  Dyeing  and  Calico 
Printing,  as  shown  at  the  Universal  Exposition,  Paris,  1867.  Illus¬ 
trated.  8vo.  422  pages . $3-00 

NEVILLE.— Hydraulic  Tables,  Coefficients,  and  Formulae,  foi 
finding  the  Discharge  of  Water  from  Orifices,  Notches, 
Weirs,  Pipes,  and  Rivers: 

Third  Edition,  with  Additions,  consisting  of  New  Formulae  for  the 
Discharge  from  Tidal  and  Flood  Sluices  and  Siphons;  general  infor- 
„..ir.n  on  Rainfall,  Catchment-Basins,  Drainage,  Sewerage,  Water 
««Mnlv  for  Towns  and  Mill  Power.  By  Tohn  Neville.  C.  E.  M  R 
?U  A  •  Fellow  of  the  Royal  Geological  Society  of  Ireland.  Thick 

**  ’  . .  £5.50 

MEWBERV- _ (Meanings  from  Ornamental  Art  of  eveiy 

Style:  Exainp]es  in  the  British,  South  Kensington,  Indian, 

Drawn  lr  ,  antj  other  Museums,  the  Exhibitions  of  1851  and 
Crystal  ta  {jest  English  and  Foreign  works.  In  a  series  of  loo 
1862,  ana  1  plates,  containing  many  hundred  examples.  Br 

Sir  NewIkv.  4.0 . (S-»’ 

KOBE*  Theoretical  and  Practical  Boiler-Makerantf 

NICHOLLS.-£eference  Book. 

Eng».nee  variety  of  Useful  Information  for  Employers  of  Labor. 
Containing  forking  Boiler-Makers.  Iron,  Copper,  and  Tinsmiths 
Foremen  a  ** 
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Draughtsmen,  Engineers,  the  General  Steam-using  Public,  and  for  the 
Use  of  Science  Schools  and  Classes.  By  Samuel  NlCHOLLS.  Ulus 


$2. 5f 


trated  by  sixteen  plates,  i2mo.  .  ■  ■  ■ 

NICHOLSON. — A  Manual  of  the  Art  of  Bookbinding : 

Containing  full  instructions  in  the  different  Branches  of  Forwarding, 
Gilding,  and  Finishing.  Also,  the  Art  of  Marbling  Book-edges  and 
Paper.&  By  James  B.  Nicholson.  Illustrated.  l2mo.,  cloth  $2.25 
NICOLLS.— The  Railway  Builder: 

A  Hand-Book  for  Estimating  the  Probable  Cost  of  American  Ra.l- 
way  Construction  and  Equipment.  By  William  J.  Nicolls,  Civil 
Engineer.  Illustrated,  full  bound,  pocket-book  form  .  $2.00 

NORMANDY. — The  Commercial  Handbook  of  Chemical  An¬ 
alysis  : 

Or  Practical  Instructions  for  the  Determination  of  the  Intrinsic  01 
Commercial  Value  of  Substances  used  in  Manufactures,  in  Trades, 
and  in  the  Arts.  By  A.  Normandy.  New  Edition,  Enlarged,  and 
to  a  great  extent  rewritten.  By  Henry  M.  Noad,  Ph.D.,  F.R.S., 

thick  i2mo . Scarce 

NORRIS. — A  Handbook  for  Locomotive  Engineers  and  Ma¬ 
chinists  : 

Comprising  the  Proportions  and  Calculations  for  Constructing  Loco¬ 
motives  ;  Manner  of  Setting  Valves;  Tables  cf  Squares,  Cubes,  Areas, 
etc.,  etc.  By  Septimus  Norris,  M.  E.  New  edition.  Illustrated, 
I2mo.  . $1.50 

— A  New  Treatise  on  Elements  of  Mechanics : 

Establishing  Strict  Precision  in  the  Meaning  of  Dynamical  Terms; 
accompanied  with  an  Appendix  on  Duodenal  Arithmetic  and  Me 
N J°HN 'V-  Nystrom>  C.  E.  Illustrated.  Svo. 

t-  O/c’u-  °n  Technological  Education  and  the  Construc¬ 
tion  of  Ships  and  Screw  Propellers: 

rr  ¥anne  Engineers.  By  John  W.  Nystrom,  Int, 

tional  matter  *}fj,n®er>  U.  S.  N.  Second  edition,  revised,  with  addi 

ONEILL— A  n\5?med  by  seven  en£ravings.  iamo.  .  $1.25 

Containing  f bdef  accS°!rfD3|f  hF  CaUC°  Printing: 
use  in  the  Art  nf  n  ,  ?count  °f  ai d  the  Substances  and  Processes  ir 

Receipts  and  Scientific*!  T ^  Printing  Textile  Fabrics;  with  Practical 
tical  Chemist  To  °j  ’  By  CharlE2  O’Neill,  Analy 

their  application  to  I  W  h  'S  an  Essay  on  Coal  Tar  Colors  am 

Chemist  and  Engineer'"2^  ^ lC°  Pri?iA«-  A-  A-  Fesquet. 
Printing,  as  shown  -u  n,  TT  .  an  aPPendix  on  Dyeing  and  Calico 
491  pagms  2t  lhe  Universal  Exposition,  Paris,  1867-  Svo.. 

ORTON. —Underground  tv*.  . 

How  and  Where  toFhn  ti  SUre!; 

jf  the  Useful  Mineraif™’-  Ble  Ready  Determination 

ORton,  A.M.,  Late  SLwl!h15  the  Un.ited  States.  By  James 
N-  Y.;  author  of  the  “And*  °  1  Natural  History  in  Vassar  College, 

Pon,  with  An  Appendix  on  Or^rl  tbe  Ama?on»”  etc-  A  New  Edi- 
Illustrated  .  Deposits  and  resting  Minerals  (1901 ). 

. . 
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OSBORN.— The  Prospector’s  Field  Book  and  Guide. 

In  the  Search  tor  and  the  Easy  Determination  of  Ores  ai 


- -  the  Easy  Determination  of  Ores  and  Other 

Useful  Minerals.  By  Prof.  H.  S.  Osborn,  LL.  D.  Illustrated  by  66 
Engravings.  Sixth  Edition.  Revised  and  Enlarged.  360  pages, 
i2mo.  (Dec.,  1903) . .'  $1.50 

OSBORN — A  Practical  Manual  of  Minerals,  Mines  and  Min 
ing: 

Comprising  the  Physical  Properties,  Geologic  Positions,  Local  Occur¬ 
rence  and  Associations  of  the  Useful  Minerals;  their  Methods  of 
Chemical  Analysis  and  Assay;  together  with  Various  Systems  of  Ex¬ 
cavating  and  Timbering,  Brick  and  Masonry  Work,  during  Driving, 
Lining,  Bracing  and  other  Operations,  etc.  By  Prof.  VL  S.  Osborn, 
LL.  D.,  Author  of  u  The  Prospectors  Field-Book  and  Guide.  171 
engravings.  Second  Edition,  revised.  8vo.  .  •  •  p4*S° 

ware,  of  Steel  and  f^„eer  Au(h»r  of  .l,e  ■'  Many 

Frederick  Overman,  Minmg  g  •  revised  Edinon.  By 
faclure  of  Iron,”  etc.  A  new, 'S  .amo,  .  • 

A.  A.  FESQDET.  Ul“f a"nd  Founder's  Pocket  Guide  : 

OVERMAN.— The  Moulder  d  jn-saud,  Dry-satid  lvjsm, 

for  Iron,  Brenze.  ^  ’  tion  of  Melting  Furnace  ,  ^  ^ ^  Nature, 

Wax,  etc.;  the  Con  *  Coniposition  of  Alloys  ^  Edition,  t0 
Founding  of  Metal  ,  t  qverMAn,  M.  E-  elltal  Moulding, 

etc.,  etc.  By  FREDERICK^  Statuary  and  Orn^^ 

which  is  adde  .  I  jron  Castings,  etc.  /  121110.  •  $  ' 

Ordnance,  Malleable  I ^  by  44  engraj»S ^  COMPANIOJ* 

is  and  Engineer.  W#  VARNISH®B  *  ^  Arts  of  FjJ 

PAINTER,  and  '^'gSflng’  ind 

Comprising  t  w  b|j„g,  Staining,  -  6  &  WI,h  Coact  raSt  0( 

ttdningr3SV;iildti1"eS  Principles'  of  the 

I2mo.  •  —1,.,  MilIer  """n 

PALLETT.-JhjM  jllustritted. 

Bv  HENRY  IAL 


$2.00 
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PERCY. _ The  Manufacture  of  Russian  Sheet-Iron. 

By  John  Percy,  M.  D.,  F.  R.  S.  Paper.  ...  25  cts. 

PERKINS.— Gas  and  Ventilation  : 

Practical  Treatise  on  Gas  and  Ventilation.  Illustrated.  l2mo.  $1.25 

PERKINS  AND  STOWE.— A  New  Guide  to  the  Sheet-iron 
and  Boiler  Plate  Roller  : 

Containing  a  Series  of  Tables  showing  the  Weight  of  Slabs  ana  Pnes 
to  Produce  Boiler  Plates,  and  of  the  Weight  of  Piles  and  the  Sizes  of 
Bars  to  produce  Sheet-iron;  the  Thickness  of  the  Bar  Gauge 
in  decimals;  the  Weight  per  foot,  and  the  Thickness  on  the  Bar  or 
Wire  Gauge  of  the  fractional  parts  of  an  inch;  the  Weight  per 
sheet,  and  the  Thickness  on  the  Wire  Gauge  of  Sheet-iron  of  various 
dimensions  to  weigh  112  lbs.  per  bundle;  and  the  conversion  of 
Short  Weight  into  Long  Weight,  and  Long  Weight  into  Short. 

$!.«> 


POSSELT.— Recent  Improvements  in  Textile  Machinery  Re¬ 
lating  to  Weaving : 

Giving  the  Most  Modern  Points  on  the  Construction  of  all  kinds 
of  Looms,  Warpers,  Beamers,  Slashers,  Winders,  Spoolers,  Reeds, 
Temples,  Shuttles,  Bobbins,  Ileddles,  Ileddle  Frames,  Pickers, 
Jacquards,  Card  Stampers,  etc.,  etc.  600  illus.  .  •  $3  00 

POSSELT. — Technology  of  Textile  Design: 

The  Most  Complete  Treatise  on  the  Construction  and  Application 
of  Weaves  for  all  Textile  Fabrics  and  the  Analysis  of  Cloth.  By  E. 
A.  Posselt.  1,500  illustrations.  4to.  .  .  .  •  $5  °° 

POSSELT. — Textile  Calculations : 

A  Guide  to  Calculations  Relating  to  the  Manufacture  of  all  km<  s 
of  Yarns  and  Fabrics,  the  Analysis  of  Cloth,  Speed,  Power  and  Belt 
Calculations.  By  E.  A.  POSSELT.  Illustrated.  4to.  .  $2-°° 

REGNAULT. — Elements  of  Chemistry: 

By  M.  V.  Regnault.  Translated  from  the  French  by  T.  FoRR‘  ST 
Betton,  M.  D.,  and  edited,  with  Notes,  by  James  C.  Booth, M e 
and  Refiner  U.  S.  Mint,  and  William  L.  Faber,  Metallurgist  an 
Mining  Engineer.  Illustrated  by  nearly  700  wood-engravings,  com¬ 
prising  nearly  1,500  pages.  In  two  volumes,  8vo.,  cloth  . 
RICHARDS. — Aluminium  :  . 

Its  History,  Occurrence,  Properties,  Metallurgy  and  Applied1011  * 
including  its  Alloys.  By  Joseph  W.  Richards,  A.  C.,  Che  in  id  an 
Practical  Metallurgist,  Member  of  the  Deutsche  Chemische  Gcse • 
schaft.  Illust.  Third  edition,  enlarged  and  revised  (1895)  *  ,-'a\ 
fclFFAULT,  VERGNAUD,  and  TOUSSAI.NT— A  PfaCt 
Treatise  on  the  Manufacture  of  Colors  for  Painting  •  ,jie 
Comprising  the  Origin,  Definition,  and  Classification  of  Cotors;  t 
Treatment  of  the  Raw  Materials;  the  best  Formulae  and  the  in  , 
1  rocesses  for  the  Preparation  of  every  description  of  Pignien  ,  ^ 
the  Necessary  Apparatus  and  Directions  for  its  Use;  Dryer  ^ 
Testing.  Application,  and  Qualities  of  Paints,  etc:..  ^  ilV  Nt- 

R  ifpault,  Vergnaud,  and  Toussaint.  Revised  and  Edite 
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F.  Malepeyre.  Translated  from  the  French,  by  A.  A.  Fesquet, 
Chemist  and  Engineer.  Illustrated  by  Eighty  engravings.  In  one 

voi.,  8vo.,  659  pages . . 

ROPER. — Catechism  for  Steam  Engineers  and  Electricians: 
Including  the  Construction  and  Management  of  Steam  Engines, 
Steam  Boilers  and  Electric  Plants.  By  Stephen  Roper.  Twenty- 
first  edition,  rewritten  and  greatly  enlarged  by  E.  R.  Keller  and, 
C.  W.  Pike.  365  pages.  Illustrations.  i8nao.,  tucks,  gilt.  $2.00 

ROPER.— Engineer’s  Handy  Book:  . 

Containing  Facts,  Formula,  lables  and  Questions  on  loivtr,  Us 
Generation, Transmission  and  Measurement;  Heat,  fuel,  and  Steam; 
The  Steam  Boiler  and  Accessories;  Steam  Engmes  aiul  lI*»  1  /£ > 
Steim  Eimine  Indicator;  Gas  and  Gasoline  Lngines,  .Mateiiais, 
^  P^nprhes  and  Strength ;  Together  witli  a  Discussion  of  the  lun- 

KELLER  M.  e:  and  C.  W.  Pike,  B  S.  (1899),  with  .,»a.aroos  illus- 

Suons  1‘ockct -book  form.  Leather.  .  •  •  •  *■> 

Ua  .  Rook  of  Land  and  Marine  Engines  : 

ROP,E?'""^e  ModeHin g.  Construction,  Running,  and  Management 
Including  the  Mod  S’  Boilers.  With  illustrations,  rsy 

of  Lam'  and  Man “duio„.  ,  2mo„  cks.  gilt  edge. 
Stephen  Roper,  Engineer.  I3.se 

ROPER.-Ha"d-B°°ckt ^rS^Iers,  and  the  Construe- 
Including  the  Construction  o  s  Locomotives.  By  Stephen 

don,  Manapment  and  Rungmg,tucks,gii  edge  .  #2.5o 

ROPER-  Rook  Of  Modern  Steam  Fire-Engines. 

ROPER-— Hand‘B°H.  Stephen  Roper,  Engineer.  Fourth  edition. 

With  illustrations.  By  STEPH . $3.50 

i2mo.,  tucks,  gi«  «|B  •  Answers  for  Engineers. 

ROPER.'Que  tl0"lms  all  the  Questions  that  Engineers  will  be 
T  his  little  book—  n  Mlon  for  the  purpose  of  procuring 
ocbed  when  undergoing  a  Engineer  or  Fireman  of  or 

gfJk  S  co£  .hi  to’memory  ia  a  shod  time  By 

dinary  intelligence  Thinl  edition  .  .  •  **•«> 

Stephen  R°pE^d  Abuse  of  the  Steam  Boiler. 

ROPER-  eR’"«ASgtn°=r.  Eighth  edition,  with 

Efucks,  Practical  Machinist: 

_  ifoV— The  Comp*®*®  vise  Work,  Drills  and  Drilling,  Taps  and 
R  Fmbracing  Lathe  \' ^  ^emperingf  the  Making  and  Use  of  Tools 
Dies,  Hardenl,,Marking  out  Work,  Machine  Tools,  etc  By  Joshua 
M-nol  Grinding.  M" .  Nineteenth  Edition,  greatly  Enlarged  with 

kSl  n5.h.'S  «»""•  1 3mo-»  5°4  pages.  .  .  #*50 

New  a'1'*  .  icai  Drawing  Self-Taught : 

Do<?E  — ^echan  s  the  Seleclion  and  Preparation  of  Drawing 
^prising  ^riemeiitary  Instruction  in  Practical  Mechanical  Draw- 
Ynstruinents’ 
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iii or  together  with  Examples  in  Simple  Geometry  and  Elementary 
Mechanism,  including  Screw  Threads,  Gear  Wheels,  Mechanical 
Motions,  Engines  and  Boilers.  By  Joshua  Rose,  M.  E.  Illustrated 
by  33°  engravings.  8 vo  ,  313  pages  ....  $4.00 

ROSE.— The  Slide-Valve  Practically  Explained: 

Embracing  simple  and  complete  Practical  Demonstrations  of  th 
operation  of  each  element  in  a  Slide-valve  Movement,  and  illustrat- 
•  ing  the  effects  of  Variations  in  their  Proportions  by  examples  care¬ 
fully  selected  from  the  most  recent  and  successful  practice.  By 
Joshua  Rose,  M.  E.  Illustrated  by  35  engravings  .  $i.co 

ROSS.— The  Blowpipe  in  Chemistry,  Mineralogy  and  Geology: 
Containing  all  Known  Methods  of  Anhydrous  Analysis,  many  Work¬ 
ing  Examples,  and  Instructions  for  Making  Apparatus.  By  Lieut.- 
Colonel  W.  A.  Ross,  R.  A.,  F.  G.  S.  With  120  Illustrations. 
12  mo . ^2.00 


SHAW. — Civil  Architecture : 

Being  a  Complete  Theoretical  and  Practical  System  of  Building,  con¬ 
taining  the  Fundamental  Principles  of  the  Art.  By  Edward  Shaw, 
Architect.  To  which  is  added  a  Treatise  on  Gothic  Architecture,  etc. 
By  Thomas  W.  Sili.oway  and  George  M.  IIarding,  Architects. 
The  whole  illustrated  by  102  quarto  plates  finely  engraved  on  copper. 
Eleventh  edition.  4to . .  36.00 


SHUNK. — A  Practical  Treatise  on  Railway  Curves  and  Loca¬ 
tion,  for  Young  Engineers. 

By  W.  F.  Shunk,  C.  E.  121110.  f  ull  bound  pocket-book  form  $2.00 

SLATER. — The  Manual  of  Colors  and  Dye  Wares. 

By  J.  W.  Slater.  121110 . $3-°° 

SLOAN. — American  Houses: 

A  variety  of  Original  Designs  for  Rural  Buildings.  Illustrated  by 
26  colored  engravings,  with  descriptive  references.  By  Samuel 
Sloan,  Architect.  8vo. .  .75 


SLOAN.- — Homestead  Architecture: 

Containing  Forty  Designs  for  Villas,  Cottages,  and  Farm-houses,  with 
Essays  on  StyiC,  Construction,  Landscape  Gardening,  Furniture,  etc., 
etc.  J  lustrated  bv  lin'vnrrl's  r*f  onr\  ^nm-ov-iifTc  Rir  C  a  hcttitt  OAN. 


By  Samuel  Sloan, 
$250 

Illustrated  by  91 
$1.00 


'  — »  -vvuouuLiiuti,  Oai  t 

etc  Jlustrated  by  upwards  of  200  engravings 
Architect.  8vo . 

Sp°TN^Ho‘-e  Experiments  in  Science. 

By  1.  O  Conor  Slcane,  E.M.,  A.M.,  FI:  D. 
engravings.  121110. 

SMEAToN.-Builder*s  Pockti 'Companion : 

f  Elements  of  Building,  Surveying,  and  Architecture; 
Bv  A  Ru  es  ancl  Instructions  connected  with  the  subject. 

~  C-  bMEATOff.  Civil  Engineer,  etc.  i2mo. 

*  Bv  E  p7-h  Manual  of  Political  Economy. 

Index  1  ■> INE  ^  New  Edition,  to  which  is  added  a  full 

index.  i2mo.  .  .  . 25 
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SMITH.— Parks  and  Pleasure-Grounds: 

Or  Practical  Notes  on  Country  Residences,  Villas,  Public  Parks,  and 
Gardens  By  Charles  II.  J.  Smith,  Landscape  Gardener  and 
Garden  Architect,  etc.,  etc.  i2mo.  .  «->  no 

SMITH.-The  Dyer’s  Instructor:  '  '  * 

Comprising  Practical  Instructions  in  the  Art  of  Dyeing  Silk,  Cotton, 
Wool,  and  Worsted,  and  Woolen  Goods;  containing  nearly  800 
Receipts.  To  which  is  added  a  Treatise  on  the  Art  of  Padding;  anc| 
the  Printing  of  Silk  Warps,  Skeins,  and  Handkerchiefs,  and  thel 
various  Mordants  and  Colors  for  the  different  styles  of  such  work/ 
By  David  Smith,  Pattern  Dyer.  i2mo.  .  .  .  $1.50) 

SMYTH. — A  Rudimentary  Treatise  on  Coal  and  Coal-Mining. 
By  Warrington  W.  Smyth,  M.  A.,  F.  R.  G.,  President  R.  G.  S.i 
of  Cornwall.  Fifth  edition,  revised  and  corrected.  With  fiumer*’ 
ous  illustrations.  l2mo.  ......  #1.40 

SNIVELY. — Tables  for  Systematic  Qualitative  Chemical  Anal, 
ysis. 

By  John  H.  Snively,  Phr.  D.  8vo.  ....  gi.oo 

SNIVELY. — The  Elements  of  Systematic  Qualitative  v  hemical 
Analysis : 

A  Hand-book  for  Beginners.  By  John  H.-  Snively,  Phr.  D.  i6mo. 

$2.00 

STOKES. — The  Cabinet  Maker  and  Upholsterer’s  Companion: 

Comprising  the  Art  of  Drawing,  as  applicable  to  Cabinet  Work; 
Veneering,  Inlaying,  and  Buhl- Work;  the  Art  of  Dyeing  and  Stain 
ing  Wood,  Ivory,  Bone,  Tortoise-Shell,  etc.  Directions  for  Lacker 
ing,  Tapanning,  and  V mushing;  to  make  French  Polish,  Glues 
Cements,  and  ComposLy  ns;  with  numerous  Receipts,  useful  to  work 
men  generally.  Bv  Stokes.  Illustrated.  A  New  Edition,  with 
an  Appendix  upor  .ench  Polishing,  Staining,  Imitating,  Varnishing, 
etc.,  etc.  i2mo  ........  #1.25 

STRENGTH  AND  OTHER  PROPERTIES  OF  METALS; 
Reports  of.  Experiments  on  the  Strength  and  other  Properties  of 
Metals  for  Cannon.  With  a  Description  of  the  Machines  for  Testing 
Metals,  and  of  the  Classification  of  Cannon  in  service.  By  Officers 
of  the  Ordnance  Department,  U.  S.  Army.  By  authority  of  the  Secre- 
taryof  War.  Illustrated  by  25  large  steel  plates.  Quarto  .  $5.00 

SULLIVAN. _ Protection  to  Native  Industry. 

Bv  Sir  Edward  Sullivan,  Baronet,  author  of  “  Ten  Chapters  on 

Social  Reforms.”  8vo . .  00 

SHERRATT. _ The  Elements  of  Hand-Railing: 

Simplified  and  Explained  in  Concise  Problems  that  are  Easily  Under¬ 
stood  The  whole  illustrated  with  Thirty-eight  Accurate  and  Origi¬ 
nal  Plates  Founded  on  Geometrical  Principles,  and  Showing  how  to 
Make  Rail  Without  Centre  Joints,  Making  Better  Rail  of  the  Same 
Material*  with  Half  the  Labor,  and  Showing  How  to  Lay  Out  Stairs 
““S  Kinds.  By  R.  J  Sherratt.  Folio.  .  .  .  *2.50 
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SYME.— Outlines  of  an  Industrial  Science 
By  David  Syme.  121110.  •  ...  #2.00 

TABLES  SHOWING  THE  WEIGHT  OF  ROUND 
SQUARE,  AND  FLAT  BAR  IRON,  STEEL,  ETC., 

By  Measurement.  Cloih  ......  63 

THALLNER.— Tool-Steel: 

A  Concise  Handbook  on  Tool-Steel  in  General.  Its  Treatment  in 
the  Operations  of  Forging,  Annealing,  Hardening,  Tempering,  ttc., 
and  the  Appliances  Therefor.  By  Oito  Thallner,  Manager  in 
Chief  of  the  Tool-Steel  Works,  Bismarck hiitte,  Germany.  From  the 
German  by  William  T.  Brannt.  'Illustrated  by  69  engravings. 

194  pages.  8vo.  1902.  . . $2.00 

TEMPLETON. — The  Practical  Examinator  on  Steam  and  the 
Steam-Engine : 

With  Instructive  References  relative  thereto,  arranged  for  the  Use  of 
Engineers,  Students,  and  others.  By  William  Templeton,  En. 

gineer.  i2mo . 81.00 

THaUSING. — The  Theory  and  Practice  of  the  Preparation  of 
Malt  and  the  Fabrication  of  Beer: 

With  especial  reference  to  the  Vienna  Process  of  Brewing.  Elab 
orated  from  personal  experience  by  Julius  E.  Thausing,  Professor 
at  the  School  for  Brewers,  and  at  the  Agricultural  Institute,  Modling, 
near  \  lenna.  Translated  from  the  German  by  William  T.  Brannt, 
oroughly  and  elaborately  edited,  with  much  American  matter,  and 

aMd°np ,tJieTjatest  an<|  most  Scientific  Practice,  by  A.  Schwarz 
and  Dr.  A.  H.  Bauer.  Illustrated  by  140  Engravings.  8vo.,  815 

1  ges . . 

TH?oMth??  »^°!iS:al  Economy-  With  Especial  Reference 
to  the  Industrial  History  of  Nations  : 

uLS^P^T30*’  A'’  Professor  °f  social  science  in  the 

unnersuy  of  Pennsylvania.  121110.  su  co 

TFrCight  Char&es  Calculator:  ‘ 

tiipm^oT  MS0N’ Freight  ASent-  24mo-  .  .  $1.25 

rURNERS  (THE)  COMPANION: 

bitr  ako&vir?trUCtpinS  *n  ^oncentric,  Elliptic,  and  Eccentric  Turn- 
fecfions  for  n«'S  P1,ales°f  Chucks>  Tools,  and  Instruments;  and 
Circular  Rest-  vi/fL*  r>  Eccentr‘c  Cutter,  Drill,  Vertical  Cutter,  and 
i2mo.  ’  V1  ^a**erns  an<^  Instructions  for  working  them. 

Hand  or  FoouCthe-°f  FanCy  Turning  Executed  on  the 

Frame^^a^Am^1,  an^  Eccentric  Chucks,  and  Elliptical  Cutting 


410. 


Illustrated  by  30  exquisite  Photographs. 

$*•5° 
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VnI^'~Ga.lvani2ed*Iron  Cornice-Worker’s  Manual- 

MTkianri?at  enrnsrUSr°nil  ?•  lhe  Difierent  ^^es,  and 

Tahlp/nf  \v!  l  a  kind,  of  Plain  and  Circular  Work.  Also 
i  flghs’  ^reas  an(J  Circumferences  of  Circles  and  oiher 
Walter  cakuktcd  to  Benefit  the  Trade.  By  Charlk  A  Ya.lL 

Illustrated  by  twenty-one  plates.  4to . (  Scarce. ) 

VILLE. — On  Artificial  Manures  : 

Their  Chemical  Selection  and  Scientific  Application  to  Agriculture 
A  series  of  Lectures  given  at  the  Experimental  Farm  at  Vincennes’ 
diirmg  isl  and  1874-75.  By  M.  Georges  Vilie.  Translated  and 
Edited  by  William  Crookes,  F.  R.  S.  Illustrated  by  thirty-one 
engravings.  8 vo.,  450  pages . j6  oo 

VILLE. — The  School  of  Chemical  Manures  : 

Or,  Elementary  Principles  in  the  Use  of  Fertilizing  Agents.  From 
the  French  of  M.  Geo.  Ville,  by  A.  A.  Fesquet,  Chemist  and  Em 
gineer.  \\  ith  Illustrations.  i2mo.  ....  $1.2$ 

VOGDES.— The  Architect’s  and  Builder’s  Pocket-Companion 
and  Price- Book: 

Consisting  of  a  Shoit  but  Comprehensive  Epitome  of  Decimals,  Duo- 
decimals,  Geometry  and  Mensuration ;  with  Tables  of  United  States 
Measures,  Sizes,  Weights,  Strengths,  etc.,  of  Iron,  Wood,  Stone, 
Brick,  Cement  and  Concretes,  Quantities  of  Materials  in  given  Sizes 
and  Dimensions  of  Wood,  Brick  and  Stone;  and  full  and  complete 
Bills  of  Prices  for  Carpenter’s  Work  and  Painting;  also,  Rules  for 
Computing  and  Valuing  Brick  and  Brick  Work,  Stone  Work,  Paint¬ 
ing,  Plastering,  with  a  Vocabulary  of  Technical  Terms,  etc.  By 
Frank  W.  Vogdes,  Architect,  Indianapolis,  Ind.  Enlarged,  revised, 
and  corrected.  In  one  volume,  30S  pages,  full-bound,  pocket-book 

form,  gilt  edges . . 

Cloth  ..  ••••»•*  1.50 

VAN  CLEVE. — The  English  and  American  Mechanic: 
Comprising  a  Collection  of  Over  Three  Thousand  Receipts,  Rules, 
and  Tables,  designed  for  the  Use  of  every  Mechanic  and  Manufac¬ 
turer.  By  B.  Frank  Van  Cleve.  Illustrated.  500  pp.  i2mo.  $?..oc 

VAN  DER  BURG. — School  of  Painting  for  the  Imitation  of 
Woods  and  Marbles : 

A  Complete,  Practical  Treatise  on  the  Art  and  Craft  of  Graining  and 
Marbling  with  the  Tools  and  Appliances.  36  plates.  Folio,  12  \  20 
inches . £10.00 

VVAHNSCHAFFE. — A  Guide  to  the  Scientific  Examinatioc 
of  Soils: 

Comprising  Select  Methods  of  Mechanical  and  Chemical  A  ialysi« 
and  Physical  Investigation.  Translated  from  the  German  of  Dr.  F. 
Wahnschaffe.  With  additions  by  William  T.  Brannt.  Illus¬ 
trated  by  25  engravings.  l2mo.  177  pages  .  .  .  £1.50 

WALTON. — Coal-Mining  Described  and  Illustrated: 

By  Thomas  H.  Walton,  Mining  Engineer.  Illustrated  by  24  large 
and  elaborate  Plates,  after  Actual  Workings  and  Apparatus.  £5.<x 


HENRY  CAREY  BAIRD  &  CO.’S  CATALOGUE. 


2S 


AfARE. — The  Sugar  Beet.  . 

Including  a  History  of  the  Beet  Sugar  Industry  in  Europe,  \  anetier 
of  the  Sugar  Beet,  Examination,  Soils,  Tillage,  Seeds  and  Sowing, 
Yieid  and  Cost  of  Cultivation,  Harvesting,  Transportation,  Conserva 
tion,  Feeding  Qualities  of  the  Beet  and  of  the  Pulp,  etc.  By  Lewi$ 
S.  Ware,  C.  E.,  M.  E.  Illustrated  by  ninety  engravings. 


8vo. 


1.0c 


<! 


WARN. — The  Sheet-Metal  Worker’s  Instructor: 

For  Zinc,  Sheet- Iron,  Copper,  and  Tin-Plate  Workers,  etc.  Contain¬ 
ing  a  selection  of  Geometrical  Problems ;  also,  Practical  and  Simple 
Rules  for  Describing  the  various  Patterns  required  in  the  different 
branches  of  the  above  Trades.  By  Reuben  H.  Warn,  Practical 
Tin-Plate  Worker.  To  which  is  added  an  Appendix,  containing 
Instructions  for  Boiler-Making,  Mensuration  of  Surfaces  and  Solids, 
Rules  for  Calculating  the  Weights  of  different  Figures  of  Iron  and 
Steel,  Tables  of  the  Weights  of  Iron,  Steel,  etc.  Illustrated  by  thirty 
two  Plates  and  thirty-seven  Wood  Engravings.  Svo.  .  53.00 

WARNER.— New  Theorems,  Tables,  and  Diagrams,  for  the 
Computation  of  Earth-work : 

Designed  for  the  use  of  Engineers  in  Preliminary  and  Final  Estimates 
of  Students  in  Engineering,  and  of  Contractors  and  other  non-profes- 
sional  Computers.  In  two  parts,  with  an  Appendix.  Parti.  A  Prac¬ 
tical  Treatise  ;  Part  II.  A  Theoretical  Treatise,  and  the  Appendix. 
Containing  Notes  to  the  Rules  and  Examples  of  Part  I.;  E^plana 
lions  of  the.  Construction  of  Scales,  Tables,  and  Diagrams  and  ? 

InoHN  WaST  AeMSu”re  “““  ‘"’d  E<luiv;‘l':,'t  level  Heights 

MS  I. VS:  a8“:’  m"6  “d  Med,a““l  iL. 

WILSON. —Carpentry  and  Joinery  :  ^ 

Joiner,,  Manch<stCs^T'Ich'iHo?i°'l; Cl,n>entrv  and 

"h  f'h-age  pi.tes,  ^  Third  Kditi,,,, 

WATSON  A  Manual  of  the  Hand-Lathe 

[TO >'«  a°>dC'ive ttSi”  S!lVi"*IS  °f  *"  ki"ds, 

St  r  t.  n  2**".  ll  , 

Machinists  and  Engineers."  illustrated  W  ,8  * Al™»Vj 

WATSON.-The  Modem  Practice  of  A  8S'  S,'5°  ? 

and  Engineers  :  Uce  of  American  Machinists  I 

r  -  -Hih.  i.athe  f 
tlie  most  Economical  Sneed  forH,  H<>llow-work  generally  Juh  ll 
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